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LEITZ 
LABOLUX 


specialized 
versatility 
for 
ways 
of 
seeing 


THE LABORATORY MICROSCOPE 
THAT FULFILLS RESEARCH 
REQUIREMENTS 


1 BRIGHT FIELD 2 DARK FIELD 
3 PHASE CONTRAST 4 INCIDENT LIGHT 
5 FLUORESCENCE 6 PHOTOMICROGRAPHY 


The technical highlights below are your assurance 
that Leitz has given its traditional exacting 
attention to the perfection of each individual 
function of the Labolux, despite its almost 
infinite variety of interchangeable combinations. 
It’s the only truly versatile microscope that can 
be specialized to meet the critical standards 

of experts in each field of application. 


TECHNICAL HIGHLIGHTS 


* Magnification from 45 to 1250X * Achromats, Apochromats or 
the new Plano-Objectives * Inclined 1.25X binocular tube with 
interpupillary adjustment * 360° rotation of interchangeable 
instant-lock Binocular and Monocular tubes * Built-in illumination § 
with appropriate transformer provides variable light intensity : 
* Interchangeable condensers * Exclusive Leitz anti-backlash, 
single-knob coarse and fine focusing * Convenient low-position 
controls * Built-in graduated mechanical stage with coaxial controls 
* Quadruple interchangeable revolving nosepiece * Spring-loaded 
medium and high-power objective mounts * FS tube 
for binocular observation and photomicrography 

* Easily adapted for use with the new ORTHOMAT 


E. LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N.Y. 
Distributors of the world-famous products of 
| Seitz Leitz G.m.b.H., Wetzlar, Germany—Ernst Leitz Canada Ltd 
LEICA AND LEIGINA CAMERAS + LENSES * PROJECTORS + MICROSCOPES 


E. LEITZ, INC., 468 Park Avenue South, New York 16, N.Y. 
Gentlemen: 
() Please send me complete information on the LABOLUX. 


(I Kindly have Leitz representative phone for appointment to 
demonstrate the LABOLUX at no obligation to me. 
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MODEL D 


high-voltage 


ELECTROPHORATOR 


q ELECTROPHORESIS IN ONE DIMENSION 


on 1814,” x 2214” sheets of filter paper (Chromatography may be done in second 
dimension). Many complex mixtures can be rapidly resolved by electrophoresis 
in one dimension on papers up to 4 feet long. 

Developed in the Laboratory of Cellular Physiology and Metabolism, National 
Heart Institute, National Institutes of Health, Bethesda, Maryland. Special 
thanks are due to Dr. William J. Dreyer, whose co-operation and suggestions 
are gratefully acknowledged by Gilson Medical Electronics. 











Easy loading with folding rack Ir Safety features: 
Strong, joint-free fiberglass tank eliminates elec- 
* 5,000 volts at 300 ma . Y trical and fluid leaks 


Paper immersed in bifurcated fiberglass tank con- y High voltage connected to inside of tank by Nylon 
taining Varsol and stainless steel plugs attached to edge of tank 
4 ; Highly reliable interlock provided by an extension 
+ Varsol, a light petroleum fraction, has a high flash 4 of the cover handle 
point (over 100° C.), does not conduct electricity, 
and has the proper degree of volatility | 





When cover is removed, high voltage is ipso facto 
turned off 


No capacitors to sneakily store electricity in ap- 


+ Cold tap water run through stainless steel coils at 
paratus 


top of tank is onty coolant necessary v 


GILSON MEDICAL ELECTRONICS 


MIDDLETON, WISCONSIN 
(CON MADISON'S WEST BELTLINE HIGHWAY) 
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KEEP YOUR LAB AHEAD 
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NaC! Model 137. Scans fundamental infrared range 
2.54 to 154—in 12 minutes; suitable for 70% of 
all analytical problems involving organic chemicals 








KBr Model 137. Scans from 12.54 to 25 in 6.5 
minutes; provides data impossible or difficult to 
obtain at shorter wavelengths 





One of Perkin-Elmer’s line of Model 137 
Infracord® Spectrophotometers. Alike in 
appearance and operation, instruments 
differ in spectral regions covered as shown 
by chart paper. Sample is 1,2,4-Trichloro- 
benzene. 


Model 137-G. Newest Infracord 
strument ars the highly si 
7.5u region with high reso 
length drive permits ejther 2 
titative analysis or 8* 


INSTRUMENTS COVER THREE IR RANGES. Three Infracord Spectrophotometers are available. All are double- 
beam instruments, similar in appearance, accuracy, reliability, simplicity, low cost and availability of accessories 
for sampling and special analyses. They differ only in the IR spectral region covered and in their optics. 


Any laboratory can improve its analytical efficiency with 
One ‘or more low-cost Perkin-Elmer Model 137 Infracord® 
Spectrophotometers. 


The cost is one-half to one-third that of infrared instru- 
ments designed for more complex and demanding work. 
Despite this difference in price, P-E Infracords can handle 
most analytical problems a chemist in research and develop- 
‘ment, process or quality control, must perform. This means 
you don’t pay for performance you don’t need...nor for a 
high-salaried specialist, since a technician can operate the 
Infracord after a few minutes’ instruction. 


For laboratories with no IR instrument, an Infracord means’ 
cutting analytical time from hours to minutes . . . achiev- 
ing accuracy and reliability unmatched by other techniques. 
Results are presented as standard spectra on notebook- 
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size paper for easy reference and filing as a permanent 
record. 


For large laboratories, the use of a number of Infracords 
provides rapid, accurate analysis of the more routine samples 
... prevents delays at the spectroscopy lab... keeps more 
sophisticated IR equipment and skilled spectroscopists busy 
at problems only they can handle. 


For multi-purpose organizations, an Infracord at each of 
a company’s decentralized labs stems the flow of samples to 
the central research lab for IR analysis. It provides better 
analytical service in the field... leaves the central lab free, 
for more basic work., 


For complete information on all Infracords, write to the 
Perkin-Elmer Corporation, 750 Main Avenue, Norwalk, Conn. 


INSTRUMENT DIVISION 
Perkin-Elmer Gyo 
NORWALK, CONNECTICUT 
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Editorial 


Articles 


Science and the News 


Book Reviews 


Departments 


Cover 


The Other Fellows’ Ball Park 


PE EE ENR IE FT Se ee ee 1163 
New Frontiers of Astronomical Technology: A. B. Meinel ...................44. 1165 
Technological developments challenge the astronomer, both from the ground 
and in space. 
Where Does Instrumentation Enter into Medicine?: D. A. Holaday............... 1172 
Modern technology can help medicine meet growing demands through 
instrumentation and automation. 
Fuel Cells: E. Yeager ete a Sal as areca acre Gee 1178 
They produce more electricity per i aad of fuel dines any sion nonnuclear 
method of power production. 
The Cambridge Electron Accelerator: M. S. Livingston and W. A. Shurcliff ......... 1186 
This 6-billion-volt machine will be the world’s highest energy electron 
synchrotron. 
Defocusing Images To Increase Resolution: H. Osterberg and L. W. Smith .......... 1193 
Resolution of two luminous particles is improved by defocusing the 
microscope or telescope. 
Radio Telemetering from within the Body: R. S. Mackay 1196 


Inside information is revealed by tiny transmitters that can be swallowed 
or implanted in man or animal. 
Emission Spectrochemistry in Nutrition Research: C. L. Grant ............. 


The potential utility of spectrochemistry in mineral nutrition research 
is not yet fully exploited. 


eoccees 1207 


New Method for Heart Studies: N. J. Holter .............. SB Suh lavas "aap eave aide to ae 
Continuous electrocardiography of active subjects over long vesteil 
is now practical. 

Mass Spectrographic Analysis of Solids: N. B. Hannay ..............0ceccccecces 1220 


High sensitivity for bulk and surface impurities is provided by a new 
analytical method. 


The Consortium Proposal: Private Industry Offers a Plan for Developing Satellite 
Communications; Food for Peace; Mental Retardation 


a 6 aera my BAL ai are a 1226 

Hiroshima Revisited: A. H. Compton ...... ; ann Gane 6 ews sokcereh el ean eat eg 

Governments seek agreements to control Pes atom, but ‘haiti 

still disagree on its first military use. 
K. G. Zimmer’s Studies on Quantitative Radiation Biology, reviewed by A. Hollaender; 

GUE SEC VIGWS 85 Fon eles SG DSc 5 Ake « pibaisis a Oe Re aiken = rae enna 1233 
py A eee erry ease See eee eee erry frre ries ce 1236 
New Products ....... Fete teen eee e ee eee eee e eee te tee sens ee senses ee eee cess 1243 


Globular star cluster M3 in yellow light, taken at Kitt Peak 19 March 1961 
with a GL-7629 image orthicon. Exposure time, 8.5 seconds. See page 1165. 











NEW! THE MOST VERSATILE PRECISION PIPETTOR YET DESIGNED! 


macro accropet pipettor 


You asked for it... it’s here: the new “big 
brother” in our justly popular and depend- 
able family of Accropets. The most adapt- 
able pipettor ever devised. Any capacity 
within the range of 2 to 25 ml. can be set 
accurately ...and this one precise setting 
can be used repetitively, without error, until 
the Accropet is reset to a new volume. In 
addition, unsanitary, unsafe mouth-oper- 
ated pipetting is banished forever. 

The one-hand operation is quick, simple, 


PP-2000 Macro Accropet, for pipets 2 ml. to 25 ml. 
$12.00 each; in lots of six $10.80 each, in lots of 
twenty-four $9.60 each. 


PP-1200 Micro Accropet, for pipets up to and in- 
cluding 2 ml., and red and white blood pipets. 
$4.95 each; package of six $23.70. 
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safe. Set the Accropet—push to fill—push 
to dispense. Fine screw thread gives mi- 
crometer-like adjustment and control for 
both filling and discharging. ; 
Expertly constructed of pure, white, high 
temperature polypropylene that can be 
sterilized, (withstands up to 320° FE). “O” 
ring construction provides exceptionally 
accurate, reliable, leak-proof action. Rub- 
ber tubing connection permits considerable 
flexibility, helps eliminate pipet breakage. 


PP-1000 Ultramicro Accropet, for pipets up to and 
including 2/10 ml., and especially recommended 
for lambda-pettes. $3.50 each; package of six 
$16.80. All sizes from ultramicro to 25 ml. are 
now available. 


Write for Accropet brochure 





: The 
EMIL GREIVER GC. 


C2) 


20-26 N. Moore St., DPT. 427, N.Y. 13, N.Y. 
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Although the innermost secrets of life and death still remain 
» a mystery, continuing investigations are helping us gain better 
insight into these fundamental processes. One of the newer 
techniques being used successfully to study these phenomena 
is EPR (Electron Paramagnetic Resonance) Spectroscopy. 


several recent experiments using EPR to detect the presence 

(d bf free-radicals have helped confirm new theories concerning 

. he nature of the life and death processes which previously 
had been based on rather inconclusive evidence. 


wy. orexample: EPR has been used to study photosynthesis, an 
a4 @Mportant life process in Chlorella pyrenoidosa (an algae). 
twas demonstrated that more than one pigment must be 

ivated by ligh j S j j 



















INTO LIFEERO MER sess 


i | 
another experiment, the results of EPR analysis were used to) 
show a strong correlation between the death process and free 
radical concentration in freeze-dried Serratia marcescens 
(a common bacteria). 


Perhaps EPR analysis can be of value in your investigations. 
If you would care to discuss possible applications, please 
contact the INSTRUMENT DIVISION, 


\\ VARIAN associates 
PALO ALTO 18 CALIFORNIA 

















Advanced nuclear 
instrumentation from 
Nuclear- Chicago for 

industry, education, 
medicine and science 
































The thirteen systems presented here demonstrate the 
scope and completeness of Nuclear-Chicago’s products 
for the radioisotope user. They are —- instrument by 
instrument, and system by system — capable of efficient, 
precise performance with unusual reliability. They are 
representative of the more than 250 instruments, count- 
ing systems, radionuclides and accessories presented 
in detail in Nuclear-Chicago’s new, 96-page general 
catalog. Please send for your copy — you will find 
unequalled variety and versatility in the complete 
Nuclear-Chicago line. 


A. C110B Automatic Sample Changer accepts up to 35 
solid beta samples 1 in. or 114 in. diameter. 


B. C115 Automatic Beta Sample Changer is supplied 
with guarded gas-flow detector with background of 
only 2 cpm. 


C. C210 Automatic Sample Changer accepts 50 or more 
beta samples up to 2 in. diameter. 
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D. C100B Actigraph II® automatically scans strip 
radiochromatograms. 


E. 6000 Dynacon Electrometer measures beta radiation 
in solid, liquid, or gaseous samples. 


F. 9000 Subcritical Assembly is widely used in college 
engineering, physics, and chemistry education. 


G. C120 Automatic Sample Changer accepts up to 49 
gamma-emitting samples in test tubes. Scintillation well 
detector is mounted in console. 


H. 804 Digital Automatic Spectrometry System pro- 
vides automatic channel programming, scaling, timing. 
Elapsed time, accumulated count, and channel identi- 
fication are printed by digital recorder. 


I, 1832 Recording Analyzer is used with standard scin- 
tillation detectors to provide graphic record of count rate 
vs. energy in gamma spectrum analysis. 


J. 703 Automatic Liquid Scintillation Detector accepts 





up to 50 samples. Supplied with precision, custom-built 
temperature chamber. 


K. 701 Liquid Scintillation Detector is used for high- 
efficiency, room-temperature measurement of soft 
beta samples. 


L. 4001 Nuclear Training System is ideal for laboratory 
studies or classroom demonstration in undergraduate 
science programs. 


M. 9500 Neutron Generator provides high neutron flux 
for activation analysis, process control, student training, 
applied research and development. 





y nuclear-chicago 


CORPORATION 


® 


349 East Howard Avenue 














Des Plaines, Illinois 

















Model HF-26 2” Bore Solenoid Magnet 


Model L-128 12” Electromagnet 


magnets. 


Model HS-1050 Magnet Power Supply 


power supplies. 
nmr equipment 


Model L-128 — 12” Diameter Electromagnet and HS 
— 1050 fully transistorized 5 KW Power Supply: Homoge- 
neity 1x105 readily available over 4 in? at 8 KG (cylin- 
drical caps — 2” gap); maximum field this configuration 
in excess of 13 KG. Much higher fields available with 
tapered caps. Magnet features rugged cast frame, low 
impedance coils, rotation about two axes — Other Mag- 
nets available: 23” dia. — 7” dia. — 214” dia. standard 


— plus custam special purpose. Power supplies of 
250 KW, 50 KW, 20 KW, 5 KW, 2.5 KW — all solid 
state design. 

Model HF-26 Iron Clad Solenoid — 52 KG at 240 KW 
power with 2” diameter Bore 6” length — calculated 
95 KG at 500 KW power and 1” Bore: Low carbon steel 
housing for high power efficiency, pressure confinement 
and water cooling. 


*nuclear magnetic resonance gaussmeters and field control systems 


HARVEY-WELLS CORPORATION P.O. BOX 189 | , J FRAMINGHAM, MASSACHUSETTS = TR 2-4365 
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The Library of Science 


invites you 


to choose any three 


of these enduring 
scientific works 
at only $1 each 








An expanding world of knowledge, presented by leading scientific discoverers 
and thinkers—4i fine volumes currently available to members 


OPERATIONS RESEARCH, by 
Churchman, Ackoff and Arnoff. 640 
pages—the definitive introduction to 
the subject. List Price $12.00 


SCIENCE IN SPACE, ed. by Lloyd V. 
Berkner and Hugh Odishaw. 
List Price $7.00 


MATHEMATICS AND PLAUSIBLE 
REASONING, by George Polya. Two 
volumes that set forth the science 
and art of mathematical reasoning. 

List Price $9.00 


PETER B. MEDAWAR: THE FUTURE 
OF MAN and THE UNIQUENESS OF 
THE INDIVIDUAL, two volumes by 
the Nobel Prizewinner. 

List Price $7.00 


FOSSIL MEN, by Marcellin Boule 
and Henri V. Vallois. 
List Price $9.50 


GEORGE SARTON: A HISTORY OF 
SCIENCE. Vol. 1 — from the begin- 
nings of writing through the Golden 
Age of Greece, List Price $11.00 


Vol. 2—the flowering of ancient sci- 
ence in the last three centuries B.C. 
List Price $11.00 


TACTICS OF SCIENTIFIC RESEARCH, 
by Murray Sidman, List Price $7.50 


SCIENCE AND THE NEW NATIONS, 
ed. by Ruth Gruber. The impact of 
science on the under-developed 
countries of Africa, Asia and Latin 
America. List Price $6.50 


A STUDY OF THINKING, by Jerome 
S. Bruner. List Price $6,00 














The Library of Science, 


every four Selections, 


SELECTIONS. 





Up to $42.00 worth of books for only $3.00 


59 FOURTH AVENUE, NEW YORK 3, N. Y¥. 


Please enroll me as a member and send me at once the three Selections indi- 
cated alongside, for which you will bill me only $3.00 (plus postage). As a 
member, I need take as few as four more Selections during the next 12 months, 
from the more than 75 works available to me at reduced Member’s Prices. 
I understand that I will receive a free bonus book of my own choosing after 


PHYSICAL THEORY OF NEUTRON 
CHAIN REACTORS, by Alvin M. 
Weinberg and E. P. Wigner. “First 
authoritative and unified account of 
modern reactor theory.” Robert A. 
Charpie. List Price $15.00 


LINUS J. PAULING: THE NATURE 
OF THE CHEMICAL BOND. The 
Nobel Prizewinner’s newly revised, 
third edition of his celebrated intro- 
duction to modern structural chem- 
istry. List Price $8.85 








MATHEMATICS DICTIONARY, by Glenn and Rob- 
ert C. James. Definitions of over 7,000 mathemati- 
cal terms, concepts and relationships, with 423 
integral tables, over 400 mathematical symbols, 
differentiation formulas, and a 72-page four-lan- 
guage index of basic terms. 


List Price $15.00 











ASSAULT ON THE UNKNOWN, by 
Walter Sullivan. First complete 
account of the discoveries and 
achievements of the International 
Geophysical Year. 474 pages; 39 
illustrations, List PrIcE $7.95 


CHAMBERS’ TECHNICAL DICTION- 
ARY. Greatly revised, enlarged Third 
Edition of the standard reference 
work, covering 120 branches of mod- 
ern science. 1028 double-columned 
pages; 60,000 entries. 

List Price $7.95 


FALLOUT, ed. by J. M. Fowler, The 
most complete roundup to date of 
biological, medical and meteorologi- 
cal knowledge on the effects of nu- 
clear testing. List Price $5.50 


WORDS AND THINGS, by Roger 
Brown. The psychology of language 
and the nature of meaning 

List Paice $6.75 


Dept. L-90 
























NAME 










ADDRESS. 

















W. E. LE GROS CLARK: THE ANTE- 
CEDENTS OF MAN. The modern 
classic, wholly revised, on the evolu- 
tion of the primates. 

List Price $6.00 


SIGMUND FREUD: The Interpretae 
tion of Dreams. The only complete 
English translation. 

List Price $7.50 


BOOK OF BIRD LIFE, by Arthur A. 
Allen. Encyclopedic inventory of 
North American bird life—species, 
population, range, habits. 252 illus- 
trations, 52 in color. 

List Price $9.75 


PRINCIPLES OF GEOCHEMISTRY, by 

rian Mason. Most complete intro- 
duction available to the sciences that 
deal with the earth, its structure, 
composition and immediate environ- 
ment. List Price $8.50 


GROWTH IN LIVING SYSTEMS, ed. 
by M. X. Zarrow and others. First- 
hand reports by 33 explorers and 
pioneers on the frontiers of research 
today — viruses and bacteria, hor- 
mones and aging, DNA and RNA, 
protein synthesis, and other subjects, 
755 pages, (Counts as two Selections; 
$2.00) List Price $15.00 


GAMES AND DECISIONS: An Intro- 

duction to Game Theory, 

Duncan Luce and Howard Raiffa. 
List Price $8.75 


EVOLUTION OF GENETIC SYSTEMS, 
by C. D. Darlington. 
List Price $5.50 


MATTER, EARTH AND SKY, by 
George Gamow. List Price $10.00 


HISTORICAL GEOLOGY, by Carl 0, 
Dunbar. The history of the earth— 
from its cosmic origin to the pres- 
ent, LisT Price $7,95 


THEORETICAL PHYSICS IN THE 
TWENTIETH CENTURY, ed. by M. 
Fierz and V. F. Weisskopf. 

List Price $10.00 


DRUGS AND BEHAVIOR, ed. by Uhr 
and Miller. List Price $10.75: 


SCIENTIFIC EXPLANATION, by R. B. 
Braithwaite. “The best account of 
the logic of scientific reasoning.” 

J. Bronowski. List Price $8.50 


SPACE BIOLOGY, by Hanrahan and 
Bushnell. How science is preparing 
man to survive the bizarre conditions 
of space flight—weightlessness, soli- 
tude, disposal of wastes, radiations, 
fantastic accelerations, etc. 

List Price $6.00 


RECENT ADVANCES IN SCIENCE, 
edited by Shamos and Murphy. Hans 
Bethe, Edward U. Condon, Victor 
Weisskopf, I. I. Rabi, and 8 others, 
lead a guided tour of laboratories 
and research stations in physics and 

applied mathematics. 
List Price $7.50 


SIR JAMES G. FRAZER’S NEW 
GOLDEN BOUGH. One-volume 
abridgment, ed. by Theodor H. 
Gaster. List Price $8.50 


MATHEMATICS IN WESTERN CUL- 
TuRE, by Morris Kline. 
List Price $8.00 


THE LOGIC OF gp cahtoaag DIS- 
COVERY, by Karl R. Popper. 
List PRICE $7.50 


CONCEPTS OF SPACE and CON- 
CEPTS OF FORCE, Two volumes by 
Max Jammer. List Price $9,25 


MODERN ASPECT OF MATHEMA- 
TICS, by Lucienne Felix. The Bour- 
baki revolution in mathematics and 
its consequences, List Price $5.00 


THEORIES OF THE UNIVERSE, by 
Milton K. Munitz. From primitive 
myth to modern astronomy, physics 
and mathematics, List Price $6.50 


HARLOW SHAPLEY: SOURCE BOOK 
IN ASTRONOMY. From 1900 to the 
present—with 62 illustrations. 


List Price $10.00 
STRANGE WORLD OF THE MOON, 
y V. A. Firsoff. List Price $6.00 


JOHN R. PIERCE: ELECTRONS, 
WAVES AND MESSAGES. 
LisT Price $5.00 


MARTIN GARDNER: LOGIC MA- 
CHINES AND DIAGRAMS. 
List Price $5,00 
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New |“3;| Gamma Spectrometer —. 











luxury features in a compact, economy package 


Tele l-) m-040 10m) ol-lot dcelanl-te-1ae lalete]gelele-halal-ae dat) 
All-Electranic Scalér Model 135, the Model 
250 Amplifier-Analyzer and Model F-8 Fan 


Filter Assembly. 


bst-Dbucty Uropesblomt- bebeleltbelel-1- Ma gel-Mbel-.u mami ele! 31 
8250 single channel Spectrometer which 
can be quickly and easily calibrated in 
energy units (Mev) for any energy range 
from X-rays to cosmic rays. Spectra can 
be positioned as desired by the high volt- 
age and the gain controls. Any degree of 
differential operation (relative window 
width) or integral operation may be 
obtained. 

9 Mot. Kolo (3 )-151 OB te Melebeedep bet: 2a tebeme) Mace) 
instruments just added to-.the Baird- 
Atomic line. They are the Model 250 Am- 
plifier-Analyzer and a new all-electronic 
Model 135 Scaler. The Scaler, which com- 
bines a 5 decade, 5 micro-second scaler 
and an electronic timer on one chassis, 
is excellent for both general lab counting 





work and for use with the most sophisti- 
catedautomaticsamplechangingsystems 

Write today for details on these instru- 
ments and their system combinations 

Offices in Cambridge - New York « Phil- 
adelphia - Detroit - Cleveland - Wash- 
ington, D.C. - Atlanta + Dallas - Chicago - 
Los Angeles - San Francisco + Ottawa, 
Canada. 





Engineers and scientists: Investigate 
challenging opportunities with B/A 
Write Industrial Relations Director. All 
qualified applicants will receive consid 
eration for employment without regard 


‘celta: lel Milo) a-\-le Miele) (eo) ale} abel: talesel-tmelal te! 











BAlP? D-ATONM/C,/NC. 
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ADVANCED OPTiIcs AND ELECTRONICS 








JS university road « cambridge 38, mass. 


SERVING SCIENCE 








The Epsco Model 101 Blood Parameter Analyzer 
has been developed to satisfy the need for greater 
speed and accuracy in determining physiologically 
significant whole blood parameters. Sensitive and 
readable without interpolation to better than 0.002 
pH, it provides direct readings in millimeters of 
mercury of pO, in 1 minute and pCO, in 3 minutes. 
The unit may also be used as a gas analyzer, and 
for measuring changes in O, and CO, in various 
biologic fluids. A completely integrated system, 
Epsco’s Blood Parameter Analyzer realizes speeds 
not possible with chemical techniques, and accura- 
cies unobtainable by infra-red analyses of expired air. 
SIMPLE, RELIABLE OPERATION — The Analyzer re- 
quires minimum “set-up” time. Electrodes are cali- 
brated by using readily available standardizing gas. 
Controls are functionally-grouped for operating 
ease, and lock-equipped i» safeguard calibration 
settings. Built-in design features prevent instru- 
ment drift that may be caused by room temperature 
changes; and an internal standard reference cell 
protects against long-term drift. Since nomographs 
or calibration curves are not required, the chance 
of operator error is reduced. 

The unit has connections for an external recorder 


ELECTRONICS IN THE 


1102 





€psco. A 
ee Medical 





Make direct measurements of pH, pCOz 
& pOz from whole blood in only 3 minutes 


. .. permitting continuous recording of changes in 
pH, pCO, or pOg. Specially calibrated meter faces 
are available for uses requiring direct readout. 

WIDE APPLICATION — Especially useful in clinical 
laboratories doing pH and blood gas analyses, the 
unique capabilities of the Blood Parameter Analyzer 
make it a valuable aid in surgery, cardiac cathe- 
terization, pulmonary function determinations and 
anesthesia studies. Versatile, accurate and fast, 
the Analyzer has been designed and built to the 
exacting Epsco standards — established during 
years of experience in advanced military and in- 
dustrial instrumentation programs — that assure 


the greatest possible reliability in operation. 
201-1A 


FOR MORE INFORMATION on_ Epsco’s 
Model 101 Blood Parameter Analyzer, write 
for free bulletin. 
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275 MASSACHUSETTS AVENUE, CAMBRIDGE 39, MASS. 
A DIVISION OF EPSCO.,. INCORPORATED 


SERVICE OF MEDICINE 
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AMSCO 


Microbiological 
Hquipment 





FREEZE DRY EQUIPMENT ; 


Models for laboratory, pilot plant and production. Used for 


the preservation and concentration of labile substances. — 
WATER STILLS and DEIONIZERS 
STILL capacities from 14 to 500 gal./hr. Steam, Electric or 


Gas heat. Automatic or manual controls. 
DEIONIZERS — Complete line ranging from 2 to 1000 gal. /hr. 


STERILIZERS 

Pressure Steam, Ethylene Oxide and Combination Geese 
models. Chambers 16” x 16’’ x 24” to 60” x 66” x 120” 

CONTINUOUS CULTURE APPARATUS 


‘“‘Biogen’’ Continuous Culture Apparatus produces microbial 
cells and/or their byproducts on a continuous or batch basis 
under precisely controlled conditions. 


DRY BOXES 


Flexible Film disposable chamber. Economical, efficient and 
easy to use. Ideal for laboratory and production. 


GERM-FREE LIFE APPARATUS 


Flexible Film Isolators for operating, rearing and transfer 
of germ-free animals. Economical, disposable chamber. 


* 














For good reason more and more universities, pharmaceuticals 
and industrials confidently specify AMSCO Freeze Dryers, 
Sterilizers, Water Stills and other specialized microbiological 
equipment. Each is designed and built to accomplish a specific 
job better . . . more dependably .. . and with less time and 
attention from the staff. 


If you have a problem in the area of technical microbiological 
equipment, a letter to our Scientific and Industrial Department 
may lead to its economical resolution. 


Meanwhile we’ll be happy to send along literature on any of 
the equipment illustrated. 


SCIENTIFIC AND INDUSTRIAL DEPARTMENT 
INVUT Siena 
STERILIZER 


ERTE*sPENNSYUVANIA 








World's largest designer and facturer of Sterilizers, 
Operating Tables, Lights and related technical equipment 
for hospitals, industry and the biological sciences 
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AT THE MOMENT OF DECISION... 
MORE POSITIVE DIAGNOSIS 





To provide more positive diagnosis ...to speed slide preparation... to perfect it 
technically and thereby produce exceptional cytological detail in thin undistorted 


sections... these are the aims and accomplishments of International’s new model 
CT Microtome Cryostat. 


Everything necessary for precise, frozen sectioning has been conveniently pack- 
aged in one superbly engineered compact instrument. From fresh tissue to fin- 
ished slide in minutes. There is a new, integral Freon fast freezing arrangement. 
Controlled temperatures from —10°C to —20°C are held even with the top open. 
Laboratories significantly speed their service. Pathologists get the best possible 
sections to help them achieve diagnostic certainty even under pressure of time.. 


Write for our latest brochure. 
INTERNATIONAL ((EC) EQUIPMENT CO. 


1284 SOLDIERS FIELD ROAD + BOSTON, MASS. 














Measure PRESSURE 


TEMPERATURE - AIR FLOW 
VELOCITY - DISPLACEMENT « FORCE 


with PRECISION 


SANBORN TRANSDUCERS 


You can meet a wide variety of requirements 
from this broad selection of accurate, compact 
Sanborn Transducers. Series 267 and 268 Physio- 
logical Pressure Transducers are designed for 
either differential or single-ended measurements 
in such applications as cardiac catheterization and 
studies of circulatory, respiratory, esophogeal, 
spinal or gastric pressures. Two basic sensitivities 
are available: 1.0 or 0.1 mm Hg produces 1 cm. 
chart deflection. Model 270 Bi-Directional Differ- 
ential Gas Pressure Transducer permits measure- 
ments of small pressure changes (1 cm/0.5 mm 
H20) over a wide range with excellent linearity 
and low drift. Pneumotach heads for respiratory 
air flow measurements are available for use with 
the 270. Excellent stability and temperature com- 
pensation also make the Model 270 particularly 


MEDICAL 





suitable for plethysmography applications. 


Model 760-53 Calibrated Temperature Bridge and 
a variety of interchangeable thermistor probes 
are available for use with any Sanborn Carrier 
Preamplifier for accurate recording or monitoring 
of physiological temperatures with full scale sen- 
sitivity of 1°C and 2.5°C. 


In addition, Sanborn offers pneumograph and 
pulse wave attachments, heartsound microphones, 
linear velocity and displacement transducers, and 
transducers for force measurements in myo- 
graphic studies. For complete information con- 
tact your nearest Sanborn Branch Office or 
Service Agency —or write Manager, Research 
Instrument Sales, Medical Division. 


DIVISION 


: SAN BORM™N COMPANY 


175 Wyman St., Waltham 54, Massachusetts 
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ATTENUATED TOTAL REFLECTION 


A promising new 


infrared sampling technique 


especially suited for analyzing films and solids 


At the 1959 Spectroscopy Symposium in Bologna, 
Dr. J. Fahrenfort of the Shell Research Laboratories in 
Holland discussed the application of attenuated total 
reflection to infrared spectroscopy. Greatly intrigued by 
his work, we at Connecticut Instrument Corporation 
have spent several months studying the technique and 
developing practical equipment for its routine applica- 
tion in the infrared laboratory. While we have just be- 
gun to scratch the surface of potential uses for the ATR 
method of sampling, we have learned enough to believe 
that it will soon become as useful to the spectroscopist 
as the KBr pellet technique. 

In a somewhat oversimplified form, attenuated total 
reflection may be explained as follows: 

Assume that a beam of radiation is passed into a 
prism so that it is totally reflected from the back face, 
as in Figure 1. It has been shown, both mathematically 
and by physical measurements, that some portion of the 
energy of the beam escapes from the totally reflecting 
face and then is returned into the prism. It is almost as 
though the ray had a wave front of a finite width and 
behaved as shown in the diagram. 





Figure 1, Schematic of attenuated reflection effect 


It would appear that, if an absorbing material is 
placed in contact with the reflecting surface, the energy 
that escapes temporarily from the prism would be selec- 
tively absorbed, much as in a transmission spectrum. 
Under the proper conditions this is indeed the case. 


The absorption-like spectra obtained by this method 
have two important and unique features: 
1. The band intensities are the equivalent of an 
extremely shallow (5 microns or less) penetration 
into the sample. 


2. They are completely independent of the sample 
thickness. 


As manufacturers of infrared cells, it comes as a con- 
siderable relief to find a sampling procedure that elim- 
inates precise and extremely short pathlengths as a 
requirement for infrared sampling! 


Because of these characteristics, it is apparent that 
the ATR technique will have widespread application in 
the infrared analysis of solid materials and other rons 
absorbing substances. 
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To make practical application of the ATR technique 
we have developed an attachment that will fit into most 
commercial infrared spectrometers and which has a re- 
flecting surface available from which the spectrometer 
beam may be reflected at an adjustable angle of inci- 
dence (Figure 3). 


4000 3000 2000 





WAVELENGTH (MICRONS) 


Figure 2. ATR spectrum of Carnauba wax made with 
a pressed plate 


We have worked out several different sampling tech- 
niques for handling solids and liquids, including an 
expendable Frisnel type reflector plate upon which sam- 
ples may be permanently deposited. The spectrum in 
Figure 2 shows some typical results. 





Figure 3. CIC’s new ATR attachment, cover removed, 
showing sampling accessories 
The ATR technique offers fascinating possibilities to 
the spectroscopist in enabling him to obtain spectra on 
samples that are difficult or impossible to analyze by 
conventional techniques — plastics in the solid state, 
strongly absorbing liquids, such as water solutions, nat- 
urally occuring materials and inorganics—to name a few. 


The Model ATR-1 attachment developed by CI C 
will enable the spectroscopist to experiment with this 
new technique for a moderate investment. It is simply 
installed and extremely versatile. We will be pleased to 
send you full details. 





CONNECTICUT INSTRUMENT 
CORPORATION 


DANBURY ROAD, WILTON, CONNECTICUT 
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Another “Performance Plus Economy” Product by JKM 


JKM Instrument Company is pleased to announce the introduction of “Stat,” a 
new control unit to be used in maintaining a given pH in a reaction vessel. 
“Stat” maintains the pH level within .05 pH units and can be set at any point 
in the pH scale. There is virtually no dead zone since the unit has a built-in delay 
at the end of the equilibration to prevent overshoot. The “Stat” unit is 5” high, 
12” wide, and 6” deep. “Stat” operates with any pH meter, and with any elec- 
trically controlled equilibrant addition system, such as the JKM Sample injection 
Syringe. 

Our customers and distributors know of the many advantages of JKM equipment. 
Each product is designed and manufactured by engineers who are fully aware of 
‘the ruggedness and accuracy demanded by the researcher. 


‘ PRICE. . 000s $200.00 


JKM INSTRUMENT COMPANY incorporate 
OLD PHILADELPHIA PIKE DURHAM, PENNSYLVANIA 
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WIDEST CHOICE OF READOUTS— 
typewriter, X-Y plotter, punched paper tape, 
H.P. printer, Magnetic Tape, Manual Digital 
Display. 


* Live Display (logarithmic opt.) 
e 5” built-in C. R. T. 


¢ Prompt and delayed coincidence 


e Automatic programming including: 
auto-print 
auto-record 
auto-transfer 


WIDEST CHOICE OF INPUTS—either 
transistorized or vacuum tube amplifiers in- 
cluding A61, A8, DD2, A1D, etc., and Mag- 
netic Tape. 


e Memory subgrouping WIDEST CHOICE OF APPLICATIONS 


¢ 105 count capacity (10° opt.) 
e External programming 

e Crystal controlled live timer 
¢ Free course of instruction 


¢ Failsafe channel identification 








—pulse height analysis, time mode, multi- 
channel scaler, Mossbauer studies, spec- 
trum stripping. 


WIDEST CHOICE OF ACCESSORIES 
AND OPTIONS 
IBM Typewriter 


Mobile Analyzer 
Tally Paper Tape Table 


* High voltage power supply Punch Hewlett-Packard 
, Manual Meter Printer 
¢ Multiple detector operation - Readout Friden Adding 
¢ Add-subtract logic 4-Channel Mixer Machines 
Amplifier Magnetic Tape 


See this analyzer at the 


8 Subgroups of 50 10¢ Count Capacity 


channels - 
Atomfair in Chicago— ‘Mm eh’,/ hen tial ere tao 
Booth number 308-309. Readout : 


PRICES 





=) D ‘y Radiation Instrument Development Laboratory, Inc. 
: 4501 WEST NORTH AVENUE « MELROSE PARK, ILLINOIS 


PHONE: Murray 1-2323 ° Cable Address: RADILAB 


2 
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FOR SPECIAL 
AND ROUTINE 
APPLICATIONS 


SS-1 SUPERSPEED — W. 
32,700 x G — “the workhorse y i ' 
of the modern laboratory” 











SMALL & MEDIUM for the 
versatility of five rotors 
on one motor base 

and hundreds of 
tube combinations 


SS-3 AUTOMATIC SUPER- 
SPEED — 17,000 rpm, 
34,800 x G — brings 
true automation to 
the busy 
laboratory 


SS-4 ENCLOSED SUPER- 
SPEED — 17,000 rpm, 
34,800 x G — with 
snapout control panel 
for remote operation 
in cold rooms, under 
fume hoods, etc. 





For further information, please ask us for 
Bulletin SC-10GC 
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RC-2 AUTOMATIC SUPERSPEED 
REFRIGERATED — up to 37,000 
x G with SS-34 Rotor. Accepts 
five other rotors. Shown set up 
for KSB Continuous Flow opera- 
tion. KSB system may also be 
used with SS-1, SS-3 and SS-4 


RC-3 GENERAL PURPOSE AUTO- 
MATIC REFRIGERATED — 5,000 
rpm, — 5,100 x G. 70 seconds 
to operating speed; 70 seconds 
to stop. Reduces thirty-minute 
jobs to five minutes. Ideal for 
general, routine, and blood work 


Yes, research designed! This means that regardless of which SERVALL 
Centrifuge you require, it will more than meet your specifications. Perhaps 
you need more than one centrifuge; you will find the various SERVALL 
models complementary. The Small and Medium range give literally hun- 
dreds of tube combinations in five rotors which fit onto one motor assembly. 
The revolutionary KSB Continuous Flow System collects small amounts 
of precipitate from gallon quantities of sample. The RC-2 is the instru- 
ment that has become the criterion for low-temperature work in the 
Superspeed range. Now, SERVALL introduces its all-new RC-3 General Pur- 
pose Automatic Refrigerated Centrifuge that accepts no fewer than thirteen 
angle and horizontal rotors and reduces centrifuging times from five- to 
ten-fold. This instrument will establish new standards for low-speed work. 


We invite you to compare SERVALL workmanship with competitive mod- 
els — as a researcher, you know it’s the finish that counts. 


Also, SERVALL quality and versatility are available in SERVALL Laboratory 
Instruments: Ultra-Microtomes, Cell Fractionator, Pipettes. 


Iwan Sorwall, Inc. 


NORWALKeCONNECTICUT 





SERVALL CENTRIFUGES SERVE you BEST 
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introducing exclusive 


NEW APPLICATOR fx 
THIN LAYER CHROMATOGRAPHY 


THE ONLY CONTROLLED METHOD 
FOR APPLYING REPRODUCIBLE |@~%>~ 
LAYERS OF VARIABLE THICKNESS |_ "2 


In addition to the previously offered standard applicator 
for TLC, already used by hundreds of laboratories in the 
U.S. and Canada, Desaga has now developed a variable 
thickness instrument — MODEL “S.” By means of a 
micrometer screw setting any layer thickness to 2000 , 
may be applied — the only applicator available which per- 
mits the selection and reproduction of a specific layer 
thickness. This feature not only increases the versatility 
of the equipment but permits its use with ordinary (high 
quality) window glass. 

Only the new Desaga equipment (after Stahl) offers a 
complete line of apparatus and adsorbents for TLC. Be- 
sides the previously available Silica Gel G, Aluminum Oxide 
G and Kieselguhr G from Merck (Darmstadt, Germany) we 
are now introducing two new Cellulose Powders from 
Macherey, Nagel & Co.—with and without binding agents. 


The major advantages of TLC are: 




















1) The speed of separation — 20 to 40 minutes. 


2) The wide quantitative range — from less than 
one microgram to 10 mg on a single glass plate. 

3) The possibility of using highly aggressive 
(corrosive) sprays. 


4) The simplicity of the technique and the limited 
financial investment necessary for its introduction. 
Equipment for TLC may be ordered as complete as- 
semblies or as individual components —all available for 
immediate delivery from stock. In experience, Desaga 


TLC puts you ten years ahead. For further information 
request our NEW TLC BULLETIN. 


BRINKMANN 


BRINKMANN INSTRUMENTS, INC., 115 CUTTER MILL ROAD, GREAT NECK, N.Y. 


PHILADELPHIA - CLEVELAND - HOUSTON - MIAMI - MENLO PARK, CAL. - ST. LOUIS 
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quick, complete, and easy.. yi away with Mt -consuming and fatiguing hand mixing...eliminate possible contami- 
nation from finger-capping or stirring rods. You can mix liquids of different densities... prepare liquid emulsions... 
dissolve solids of low solubility efficiently and conveniently with an Adams Cyclo-Mixer. 

Single-Unit Cyclo-Mixer with Foot Switch: When used with the unique Clay-Adams Foot Switch, both hands are 
left free for holding tubes or flasks. The compact, easily portable Single-Unit Cyclo-Mixer mixes solutions, dissolves 
most solids in only seconds. It accommodates containers of various shapes and sizes—from 0.25 microchemistry 
tubes to 40-mm. diameter tubes and flasks. 

For procedures requiring prolonged, controlled mixing in test tubes: Two-Unit or Four-Unit Cyclo-Mixers 
provide any desired degree of agitation—from gentle mixing to violent churning. | 

They operate at 3 speeds with separate motor and speed control for each tube. | -Clay- j 
Equipped with interchangeable cups, they can accommodate round-bottom tubes rs dams | 
from 15 mm. to 25 mm. in diameter and up to 200 mm. in length. Tube clips and sup- | 

port bars eliminate the need for constant monitoring. Ava/lab/e from your dealer. | 





New York 10, N. Y. 
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* Ait . ° 
Cyclo-Mixer, Single Unit, with foot switch ; Mixing time required 


























---each $68.50 = for one typical laboratory 
Cyclo-Mixer, Single Unit, without foot 2 f 
SETI senias ca dceeskivcdieeen each $59.50 procedure reduced from 





20 minutes to 11 seconds! 





“CYCLO- MIXER” 
© 


@ cay ADAMS, INC 

















Cyclo-Mixer, Four Unit ..... each $248.00 
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OFFERS A COMPLETE LINE OF 


QUALITY _ NUCLEAR INSTRUMENTS 


FOR RESEARCH 





HIGH VOLTAGE 
POWER SUPPLIES 





N-4050 


5000V, 2 ma, .01% line and 
load regulation. 
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N-4035 
+3500V, 25* ma, .005% line 


and load regulation. 
*100 ma with regulated line. 
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N-401 


+1850V, 5 ma, .003% line 
and: load regulation. Stability 
better than .005% per day at 
constant temperatures. 






















N-413 


*+5000V, 10 ma, .005% line 
and load regulation, standard 
cell calibration, ultra low 
noise. 


TIMERS & 
RATEMETERS 


Preset and Elapsed Electronic 


Timer, 60 cycle controlled 
time base, 0.1 sec. resolution, 


10,000 sec. maximum time 


storage. 


N-803 


Printing Preset and Eiapsed 
Electronic Timer, crystal con- 
trolled time base, 0.01 sec. 
resolution, 50,000 sec. max- 
imum preset time. 


N-701D 


High-speed Logarithmic Rate- 
meter, 5 decades 1 to 100,000 
CPS, 0.5% linearity, optional 
plug-in High Voltage Supply, 
choice of high or low level 
input discriminator. 






-730 


High-speed Linear Ratemeter, 


12 ranges to 50,000 CPS with _ 


1 ws resolving time, %% ac- 
curacy, choice of high or low 
level input discriminator. 





LINEAR 
AMPLIFIERS 





Low-cost Linear non-overload 
amplifier, gain 7000, double 
RC pulse shaping, integral 
discriminator. 





N-302 


Highly Stable Linear Non- 
overload Amplifier, gain 
10,000, delay line plus RC 
pulse shaping, integral or 
differential discriminator, or 
both. 


N-328 


High-speed A-8 type Linear 
Non-overload Amplifier, gain 
7000, double delay line pulse 
shaping, integral or differen- 
tial discriminator, optional 
Pulse Crossover Pick-off Gate 
for fast coincidence work. 


In addition to the items 
shown, Hamner offers 
many other models, types 
of instruments, and sys- 
tems for nuclear re- 
search. Send for our 
1962 catalog ... just 
published! , 
















N-240 


Electronically Gated Scaler — 
1 us resolution, preset time, 
preset count. 









N-276 


Electronically Gated Printing 
Scaler — 1 us resolution, pre- 
set time, preset count, com- 
bined preset time-preset 
count, automatic recycling fol- 
lowing print out. 


N-221 


Routine Counting Scaler— 1 us 
resolution, preset time, preset 
count, optional time, optional 
plug-in High Voltage Supply, 
optional plug-in amplifier, low 
level input discriminator. 
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HAMNER ELECTRONICS CoO., INC. 


Dept. 10S, P. O. Box 531, Princeton, New Jersey, PEnnington 7-1320 
Washington, D.C. Office Servicing Virginia, Maryland and Delaware 
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“ANALYTICAL and PREPARATIVE 
METHODS of SEPARATION 
GEL ELECTROPHORESIS 





Electrophoresis on gel supporting media 
affords much improved resolution in com- 
parison with paper-strip or free-solution 
electrophoresis. As many as 24 distinctly- 
separated components can be obtained 
from serum samples. Altho equally suit- 
able for micro quantities, gel electro- 
phoresis also accepts much larger quanti- 
ties making it a practical method for 
preparative separations on a_semi-micro 
scale; up to 200 mg of protein mixture 
can be separated on one gel slab. If direct- 
contact cooling of the gel slab is employed, 
complete serum protein patterns can be 
obtained in less than two hours, showing 
better resolution than a 20-hour pattern 
on paper electrophoresis. 

The gel material used as supporting medium 
may be hydrolyzed starch, agar, or the 
synthetic polyacrylamide Cyanogum (Reg. 
American Cyanamid Co.). Each of these 
media gives a different type of resolution, 
and in many problems it will be advantage- 
ous to employ all three concurrently or 
successively ; the procedure then becomes 
analogous to two-dimensional chromatog- 
raphy. Migration thru a gel slab in the 
horizontal position introduces undesirable 
gravitational-convection effects in the mi- 
grating zone; therefore, a vertical gel slab 
is preferable, providing that a proper sup- 
porting apparatus is available. 





COUNTERCURRENT 


DISTRIBUTION 








Counter -current extraction is a method of 
analyzing or separating the components of 
a mixture by dissolving in one phase of 
a two-phase solvent system, and extracting 
it with the other phase. This effects a rela- 
tive separation of the components accord- 
ing to the distribution co-efficients of each. 
Repeating the extraction many times in a 
systemic manner multiplies the effects of 
even small differences in distribution co- 
efficients, so that closely similar substances 
can be separated. The separated volumes 
may be analyzed by any applicable method, 
preferably one which gives the total quan- 
tity of solute in each volume. Thus the 
total volume of solvent may be titrated 
when dealing with a mixture of acids. The 
most generally applicable, when non-vola- 
tile solutes are concerned, is the determina- 
tion of the weight of solute in each fraction. 
It should be noted, however, that macro 
duantities of material are not required. 
Extremely low concentrations may be used, 
which may be far below those required for 
weight determinations. Necessary, of 
course, are sensitive analytical methods, 
such as color reactions or ultraviolet absorp- 
tion. With such methods, counter-current 
extraction can analyze quantities as small as 
those in any other analysis. Results using 
low concentrations may be even more ac- 
curate than those with high concentrations 
owing to a closer approach to the laws of 
ideal solutions from which the following 
equations: are derived. Counter-current ex- 
traction follows very exactly the Distribu- 
tion Law 
ec tt 
i= S424 
(i) 2 
where K; is a constant characteristic of 
the compound i; (i):, and (i)» are the con- 
centrations of compound i at equilibrium 
in phase 1 and phase 2 of the solvent sys- 
tem. This fact allows a very mathematical 
analysis of the quantitative results ob- 
tained in counter-current extraction, and 
permits the direct comparison of experi- 
mental and theoretical results. 
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COUNTERCURRENT FRACTIONATOR 





EC520 COUNTERCURRENT FRACTIONATOR with two racks of 100 
20-ml tubes on base 24” x 24”. 





Technical Representative Available 
For: Application Studies 
Technical Advice 


Reference Material 











VERTICAL GEL ELECTROPHORESIS 





EC470 VERTICAL GEL ELECTROPHORESIS APPARATUS. 


E-C APPARATUS CORPORATION 
538 WALNUT LANE 
SWARTHMORE, PA. 

Phone — Code 215 — Kingswood 3-7473 
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/homus- Hoover 


MELTING POINT APPARATUS 











with new back-lighting 
THERMOMETER 
ILLUMINATOR 


e Provides superior-i/lumination, 
increasing speed and accuracy of readings 


THE HOOVER MELTING POINT APPARATUS, 
“Uni-Melt,”’ which is rapidly becoming a standard instru- 
ment for determination of capillary melting points, has 
recently been improved to overcome fluctuation in labora- 
tory lighting. Glareless illumination, restricted to the scale 
of the thermometer, is provided by an 8-watt fluorescent 
lamp in ventilated metal housing. The more sharply visible 
thermometer meniscus reduces operator eye-strain, pro- 
motes greater accuracy of individual readings and decreases 
the time for a series of determinations, especially when used 
with the Periscopic Thermometer Reader. 

The Apparatus was designed by Dr. John R. E. Hoover 
to meet official U.S.P. requirements, and offers the following 
outstanding features: 

Safety. Bath enclosed in cabinet except for observation port 
which is shielded by the magnifier. Removal of bath automati- 
cally disconnects heater and stirrer. 

Rapid heating and cooling. Coiled Nichrome wire heater 

responds rapidly to changes in input voltage, providing rapid, 
lagless heat. Bath temperature can be raised rapidly to within 

a few degrees of the anticipated melting point, i.e., to 850°C in 

61% minutes, and then raised slowly until melting occurs. Bath 

can be cooled rapidly for the next determination, from 
300°C to 150°C in approx. 5 minutes, by attaching Lemitremed 
air line. 

Capillary Vibrator. Recessed in top of housing. Shakes capil- 
laries thoroughly, insuring uniform packing of sample. 

Both the Thermometer Illuminator and Periscopic Thermometer 
Reader are available for attachment to the basic instrument. The 
Reader presents a magnified scale image in a window just above 
the sample observation port. Fusion of sample can be observed 
and melting temperature noted without raising the head. Ther- 
mometer meniscus can be followed by turning knob at right. 
6406-H. Melting Point Apparatus, Hoover ‘Uni-Melt,"” with armored ther- 
mometer —10 to 360°C in 1°, 6 melting point standards, 4 oz. Silicone Fluid 
and 100 capillaries, but without Periscopic Reader or Illuminator. For 115 
Volts, GO CyGes, WK, sce sew e tieis che cis'sn'so bc 06 0-0 0,556,400 8.03 Vets 175.00 
6406-K. Ditto, with Periscopic Thermometer Reader 212.50 
6406-M. Ditto, complete with both Periscopic Reader and Thermometer 
Iluminator 244.00 


Tere Cee eee eee eee eee eee ee eee eee ee ee 





6406-M. 
Hoover Melting Point Apparatus, complete with 
Periscopic Reader and Thermometer Illuminator 


a 
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Enlarged field of view when using Periscopic Reader 


Accessories 
(For attachment to instruments already in use) 
6407-A. Periscopic Thermometer Reader.... 37.50 
6407-A10. Thermometer Illuminator; for 115 volts, 
G.l.ccccccrecseeeseegonsveresebunsareees 31.50 
6407-B. Molecular Weight Bath Assembly, for use 
with Rast-Pregl cryoscopic molecular weight tubes. Inter- 
changeable with standard bath assembly..... 52.75 


For more detailed description, see pp 624-625 of our new 1961 catalog. 
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PHILA.,,US.A 


LABORATORY APPARATUS 







More and more laboratories rely on Thomas 
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ARTHUR H. THOMAS COMPANY 


Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA 5, PA. 
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ECONO-CAGE 


presents 
the disposable 


cage that stands 


by itself... 


The New Disposable Econo-Cage *21, 
Pictured Above, Brings To Animal Care 
A Rigid Plastic Disposable Cage That 
Spells Real Economy. It Stands By Itself 
Requiring No Expensive Supports That 
Prevent Full Visibility. Designed Pri- 
marily For Mice, The Cage Is 1112” X 
742" X 5” Deep. The Floor Area Of 
84 Square Inches Will Adequately House 
Up To 12 Mice. All 20 Series Lids Fit 
The New Disposable Econo-Cage +21. 





ECONO-CAGE #50 SERIES 

The new 50 Series Econo-Cages and 
lids are designed for Hamsters or rats. 
Dimensions are 12%” X 14%” X 6%" 
deep with room for 11 adult Hamsters 
per cage. The cages are available in clear 
Acrylonitrile-Styrene Copolymer— 
Econo-Cage #53, Linear Polyethylene 
—Econo-Cage #54 and Polypropylene — 
Econo-Cage #55. All 50 Series lids fit 
interchangeably on 50 Series cages. 





ECONO-CAGE #40 SERIES 


Number 40 Series cages can be used in- 
terchangeably for Hamsters and/or rats. 
#43 is made of clear Acrilonitrile-Sty- 
rene-Copolymer, #44 of Linear Poly- 
ethylene and #45 of translucent Poly- 
propylene. All 40 Series lids are standard 
20 OCTOBER 1961 


added to the line that stands by itself 


¥2” mesh designed for rat housing and 
fit interchangeably on all 40 Series cages. 
All 30 Series lids also fit all 40 Series 
cages but have the 7%” for mice. 





ECONO-CAGE +30 SERIES 

Number 30 Series cages are designed as 
breeding and holding cages for mice. 
The over-all dimensions are 19” X 1012” 
X 5%” deep. Cage +32 is made of fiber- 
glass, reinforced by plastic. Cage +33 
is made of clear Acrylonitrile-Styrene 
Copolymer. Cage +34 is made of linear 
high density Polyethylene. Cage +35 is 
made of Polypropylene. All 30 Series 
lids are interchangeable on 30 Series 


cages. 





ECONO-CAGE #20 SERIES 
Econo-Cages in the 20 Series are de- 
signed primarily for mice. Over-all 
dimensions of the cages are 11%" X 
74%” X 5”. This cage is used for housing 
animals during experimentation and also 
as a one-to-one and two-to-one breeding 
cage. The cages are available in Poly- 
styrene — new disposable Econo-Cage 
#21, Fiberglass, reinforced plastic — 
Econo-Cage #22, clear Styrene-Acrylo- 
nitrile Copolymer — Econo-Cage #23, 
transculent Linear Polyethylene—Econo- 
Cage #24, autoclavable Polypropylene— 
Econo-Cage #25 and Polycarbonate Res- 
in—Econo-Cage #27. All 20 Series lids 
are interchangeable on 20 Series cages. 





GENERAL PURPOSE ECONO-CAGE +12 
Over-all dimensions of the Econo-Cage 
general purpose unit are 1142” X 8” X 
6” deep. This cage is designed especially 
for laboratories with changing animal 
use requirements. It can be used to house 
mice, Hamsters, rats and guinea pigs. 
Because of its versatility, it is ideal in 
teaching situations. The cage is available 
with or without windows. It is made of 
fiberglass reinforced polyester plastic. All 
+12 lids can be used on General Purpose 
Cage #12. 





ECONO-RESTRAINING CAGES 

#90 SERIES 

The small Restraining Cage +88 can be 
varied from 2” to 342” in length and is 
14%” wide. Econo-Cage +90 can be 
varied from 412” to 6” in length and is 
22" wide. Econo-Cage +91 can be 
varied from 5” to 7” in length and is 
3” wide. All these units can be cleaned 
chemically or with hot water. They are 
not autoclavable. 


FOR MORE INFORMATION ABOUT THE 
LINE THAT STANDS BY ITSELF, write: 





ECONO-CAGE DIVISION 
@/}CjO}NJO} marviano pwastics, inc. 


oo ¢ a g a 9 East 37th Street, 


New York 16, N. Y. 
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PH study courtesy T. W. Nielsen, Ph.D., Department 
of Physiology, University of Colorado Medical School 
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HONEYWELL MEASURES Jn vivo pH PLUS 


Now being used in bio-medical research, the in vivo pH channel is one of the twenty- 
eight physiological measurement channels which you may select for your Honeywell 
Electronic Medical System. 

The new Honeywell pH electrode enables you to now measure and record blood pH 
continuously with consistent accuracy. A one-piece instrument in which both active and 
reference electrodes are within a hypodermic needle, its accompanying circuitry is per- 
manently sealed within the syringe barrel. The electrode (I) and its amplifier make up 
only one channel of a typical Honeywell Electronic Medical System(IT). 

The pH record (III) is produced immediately (and simultaneously with contempo- 
rary data) on a direct-writing Honeywell multi-channel Visicorder oscillograph. Other 
Honeywell recorders, digital print-out devices, tape recorders, and automatic data reduc- 


tion equipment are available for incorporation into any Honeywell Electronic Medical 
System. 


MINNEAPOLIS-HONEYWELL ELECTRONIC MEDICAL SYSTEMS 
5202 EAST EVANS AVENUE + DENVER 22, COLORADO 


Honeywell 


Li Clestiouie’ Wedical Systins- 
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Why doesn’t everyone package quantitative filter paper this 


To safeguard the purity, cleanliness and freshness of its 
quantitative filter paper, E-D takes an extra measure of 
precaution — uses a special protective polyethylene wrap 
to seal out every trace of dust and dirt. It’s an extra 
guarantee of freshness and quality you just don’t get from 
any other brand of quantitative paper. 

E-D, the nation’s largest and most experienced producer of fine 
filter papers, is your most reliable source for both quantitative and 
qualitative paper filters. It is the only U. S. producer with complete 
pulp-through-product manufacturing process, assuring you of product 
quality that meets or exceeds all government standards. E-D quanti- 
tative paper is manufactured in 3 grades (slow, medium, fast) to meet 
all your laboratory requirements. 

We'd like to send you a sample box to prove to you that these indeed 
are the best of circles . . . the very finest quantitative papers you can 
use. Just use the coupon. 





Rigid quality contro! techniques assure a one-in-a- 
million chance that the ash content of a single circle 
will ever exceed Federal & ASTM specifications. 





Please send me free samples of the three new E-D 
Quantitative Filter Papers (#60, #70, and #80). 


NAME 





COMPANY 





ADDRESS 





city ZONE STATE 








Repeated analyses indicate a probability level P =99 
that the ash content of a single circle will be less than 
75% of the specification limit. 


THE EATON-DIKEMAN COMPANY 
MOUNT HOLLY SPRINGS, PENNSYLVANIA 
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PULSE HEIGHT ANALYZERS 

One to 2048 channels. Quality proved by more than 15 years experience. 
Widest selection of operating modes; plug-in automatic programming and 
self-contained automatic operations, including the finest analog-to-digital 
converter available. 


INSTRUMENT ACCESSORIES - 
Varied indicating, printing, recording, tape and memory storage, and read- 
out accessories to satisfy the most exacting requirements. 
POWER SUPPLIES 
High and low voltage supplies: positive, negative, or positive and negative 
for every instrument requirement. 
MONITORING INSTRUMENTS, SURVEY METERS 
Area-wide or localized detecting instruments for fast, slow, or delayed 
neutrons. 
SCALERS, COUNT RATE METERS 
Linear, logarithmic, log/linear; binary or decade; self-printing, glow tube 
and/or audible outputs; available in module, cabinet or for rack mounting. 
TIMERS, TEST INSTRUMENTS 
Preset or elapsed timers, timer-scaler in module, cabinet or for panel 
mounting. Precision pulse generator for reference or calibration. 
z 
DETECTORS 
Foremost source for all types of conventional and special purpose detectors 
and emission counters. Widest single or multiple array selection for special 


research requirements. 





End Window—1.2 to 4.0 mg/sq. cm. thickness. 
Gas Flow—Windowless or thin window, 2 or 4 pi geometry. 


Beta-Gamma—Organic or halogen quenched. 
Gamma—tThin or thick walls, for small or large samples. 
Slow Neutron—Size range: pencil to 20-inch threaded piug. 


Fast Neutron Detectors—Single to quadruple chambers. 
Gas Sample—From 250 to 1000 cc chamber; glass or stainless steel. 


B 
Cosmic Ray—Organic quenched. 
c | l) A ld e PROBES, COLLIMATORS, DETECTOR ACCESSORIES 
Complete selection with or without preamplifier or cathode follower. 


PREAMPLIFIERS, AMPLIFIERS 
Features: transistorized; high gain; low noise; extreme linearity. In module, 


cabinet, or for rack mounting. 
N [| é Ad [ SHIELDING, TRANSPORT, HANDLING, STORAGE, 
SAFETY ACCESSORIES 


Complete supplies and accessories for laboratory requirements. 
REFERENCE AND CALIBRATION SOURCES 


© 
Low-activity level, calibrated spectrometer reference sources: Co*, Cs'37, 
| l S CU > a oi ve Th 
| LABORATORY SPECIAL GLASSWARE, QUARTZ, AND 
REPAIR SERVICES. N: 
Complete facilities for preparing glass or quartz ware to special chemical 


and radio-chemical laboratory requirements. Fast delivery of quartz rod, 
ingot, or tubing—from stock—in all commonly required sizes. 
a | SELF-CONTAINED NUCLEAR. INSTRUMENT SYSTEMS 


Scaler-Ratemeter Counting System 





Scaler Counting System a . 

Clinical Laboratory Diagnostic Systems a 

e Reactor Physics Whole Body Scanning System tie 

. P Four Pi Chromatogram Scanning System deter 

¢ Chemical Analysis 512/256 Channel Analyzer System os Vs. 0 

e Radiochemical Research 256/128 Channel Analyzer System DN 
P ° . P : Neutron Activators 

e Life Sciences, Biological Studies ae ment 

Neutron Activation / Proton Generation System recor 

e Clinical and Medical even 

Diagnoses, Research Plica 

. ° : For detailed specifications, prices, delivery schedules or a tion 

e Health Physics, Monitoring, demonstration of RCL transistorized instruments and sys- of pr 

Safety Applications tems write: Dept. N10, ca 

e Industrial Control and Regulation icy Tw 

RCL" re Volp-Walel, Meteltl hat -mm-V:1o1-7-Gae)-11-t-me tLe stylu 

long’ 





Visit us at the Atomfatr Booths 611-612 ‘5121 West Grove Street, Skokie, Illinois, U.S.A. Phone: YOrktown 6-8700 
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Available in portable, wall, flush and projection mounting switchboard case$, 


NEW Instrument Designs, 
Applications from Esterline Angus 


& New ‘602 Two-channel Recorder + Si- 


pmultaneously records two variants on adjacent 


2"-sections of single 6”-wide chart. Applica- 
tions: checking current and voltage, quality 
determination of arc welds, records of input 
vs. output. 


b New Analog-Event Recorder + One instru- 
ment does the work of two. . . simultaneously 
records analog data and up to 8 channels of 
event information on single 6”-wide chart. Ap- 
plications: wind speed and direction, substa- 
tion bus voltage and breaker operation, rate 
of production (speed) and conveyor operation. 


C New ‘620’ Event Recorder with Tempen 
* Writes without ink, using electrically-heated 
styluses. Simultaneously records ‘‘when,”’ “Show 
long” and “how many” on as many as 20 


channels. Applications: productive and non- 
productive time of any or all machines in a 
plant, circuit breaker action, qualitative an- 
alysis, missile performance. 


d New Expanded Scale Voltmeter + Pro- 
vides increased readability of voltage records 
as upper \ of voltage range is expanded to 
fill upper 80% of chart span. Applications: 
checking voltage regulation, voltage records, 
trouble-shooting. 


Standing solidly behind the creative designs of our engi- 
neering staff are the highly-developed skill and attention to 
detail of our master craftsmen. At right, M. R. Felske, 
Master Craftsman at Esterline Angus for 34 years. For more 
detailed information on any instrument or its applications, 
write: ESTERLINE ANGUS INSTRUMENT COMPANY, INC., 
Box 596-L, Indianapolis 6, Indiana, 


4 Excellence in graphic recording for over 50 years—E STERLINE ANGUS 


Makers of instruments to record: MICROAMPERES, DC - MILLIAMPERES, DC - AMPERES, AC AND OC - VOLTS, AC AND DC - WATTS, AC AND OC 
KVA, KVAR + VOLTAGE TRANSIENTS, AC » FREQUENCY - POWER FACTOR - EVENTS - SPEED - POSITION « MOTION - PRESSURE - VACUUM 













GET YOUR ADVANCE COPY 


of the General Program of the 
AAAS Denver Meeting 


by first class mail — early in December 


The General Program of the 128th Meeting of the AAAS in Denver, 26-31 December 
1961, will be available to you, at cost, within the first week in December—whether you can attend 
the Meeting or not. 


Program Content 








1. The two-session AAAS General Sessions, ‘Moving Beta Beta Beta Biological Society, Biometric Society 
Frontiers of Science,” Part I—Speakers: Howard A. (WNAR), National Association of Biology Teachers, 
Meyerhoff and Arthur R. von Hippel: Harrison Brown, Scientific Research Society of America, Society for Gen- 
presiding. Part II—Speakers: Halton C. Arp and FE. W. . eral Systems Research, Society of Protozoologists, Society 
Fager; Harrison Brown, presiding. of Systematic Zoology, and the Society of the Sigma Xi. 














EBS iv > Tea YW 7A > nae va “A y oA . ° . . P 

2. The 29th” John Wesley Powell Memorial Lecture. 7. The multi-sessioned special programs of the American 
Speaker: Glenn T. Seaborg; Paul M. Gross, presiding. Astronautical Society (Hugh L. Dryden as dinner 

3. On “AAAS Day,” the four broad, interdisciplinary speaker), American Physiological Society, _ American 
symposia—Physics of the Upper Atmosphere; Geochemi- Psychiatric Association, Association of American Geog- 
cal Evolution—The Pirst_ five Billion Veats: Existine raphers, Ecological Society of America, National Science 
- m . , ma 5 ee as . 90 Taos ¢ . sla, a Sates 
Levels of Radioactivity in Man and His Environment: Teachers Association, National Speleological Society 
and Water and Climate—atraneéed by AAAS Sections —and still others, a total of some 70 to 80 participating 
jointly & organizations. 

4. The Special Sessions: AAAS Presidential Address and 8. The sessions of the Academy Conference, the Confer- 
Reception: Joint Address of Sigma Xi and Phi Beta ence on ae Communication, and the Conference 
Kappa by Harrison Brown; the Tau Beta Phi Address on Scientific Manpower. 


by John A. Logan; National Geographic Society Illus- 
trated Lecture; and the second George Sarton Memorial 
Lecture by Joseph Kaplan. 


9. The sessions of the AAAS Cooperative Committee on 
the Teaching of Science and Mathematics, of the AAAS 
Committee on Science in the Promotion of Human 

>. The programs of all 18 AAAS Sections (specialized , Welfare. 
symposia and contributed papers). 







as j ‘ : 10. Titles of the latest foreign and domestic scientific films 
6. The programs of the national meetings of the Ameri- to be shown in the AAAS Science Theatre. 

can Astronomical Society, American Society of Crimi 

nology, American Nature Study Society, American 11. Exhibitors in the 1961 Annual Exposition of Science 
Socicty of Naturalists, American Society of Zoologists, and Industry and descriptions of their exhibits. 
























Advance Registration 
Advance registration has these decided. advantages: -(1) You avoid delay at the Registration Center upon arrival; 
(2) You receive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish 
to attend; (3) Your name is posted in the Visible Directory as the Meeting opens. 
The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program. 


la. 2 Enclosed is $3.50 for my advance Registration Fee which brings me the General Program, Convention Badge, and 
all privileges of the Meeting (50¢ is for first-class postage and handling) . 

Ib. ] Enclosed is $2.50 for only the General Program. (It is understood that, if I should attend the Meeting later, the 
Badge-necessary for the privileges of the Meeting—will be secured for $1.00 more.) 

(check la or Ib) 

eGR, INVADE (Dr.; Mass, Cts) 006. 65 aon ee ecco sod oo eee ue 8 wlesk 0 0:60 Spun oletio tells ari gaan naeea manne Ny ree 

(Please print or typewrite) (Last) (First) ..  Unitial 
3. OFFICE OR HOME ADDRESS 
(For receipt of General Program) 


| Ean en cir ee re eee 6 o), | Seer. 8) MR ewe 


ee ee a ee ee ee Ye Se ee a a a ee 


. ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION 
- CONVENTION ADDRESS 


7) 


(Mey be added later, after arrival) 
Please mail this coupon and your check or money order for the total amount to the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 
ORDERS RECEIVED AFTER 15 DECEMBER 1961 CANNOT BE PROCESSED 
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SCIE Re il. CO. 


MAY 1960 


New 
Heated 
Vacuum 
Desiccator 


A versatile lab utility —dries faster, main- 
tains samples at desired temperatures, 
evaporates solvent traces- rapidly, does 
double duty as a vacuum oven—get Bul- 
letin 608 for complete details. 


DECEMBER 1960 
New Therm-0-Plate 


Plates 


Do you want to Heat? -—Stir? —Shake? 
Need up to 800°F? Then depend on 
Therm-0-Plate line. Four types— eleven 
sizes—standard models, stirring, heating, 
shaking, heating and explosion proof 
models. Get full details— send for Bulle- 
tin 609, 


MARCH 1961 


Constant Temperature 
Controlled Agitation 


Shaker Baths 


"h. 2@m 
Complete new line—for Microbiological, 
Biochemical and Physio-Chemical studies. 
Variable speed contro!. Adjustable stroke 
length. Guaranteed temperature uniform- 
ity +0.5°C. or better. Three sizes to meet 
all requirements. Write for Bulletin 614. 

















BIG JACK 
and 
LITTLE JACK 


STURDY, DEPENDABLE 
LABORATORY JACKS 


Big Jack raises or lowers heavy flasks, hot 
plates, baths, etc. up to 100 pounds—3 
to 12 inches. 

Little Jack, a smaller model of Big Jack 
designed to work with small objects—lifts 
or lowers up to 10 pounds—1'” to 5”. 
Ideal for micro work. Write for Bulletin611. 


JANUARY 1961 


— Pump Exchange 
Program for 


Precision 
Vacuum Pumps 


Service it yourself. Here are 
two single plans to reduce your 
vacuum pump problems. Inter- 
changeable parts or rebuilt 
pumps always available from 
stock. Write for Bulletin 616. 


Designed to afford increased pressure 
range . . . from 0.3 inches water pressure 
to 15 PSI. Self serviced by easy removal 
of the back cover. Housing is of heavy 
cast aluminum with epoxy coated interior. 
Construction throughout assures longer 
life. Write for Bulletin No. 612. 


FEBRUARY 1961 


Micro 
Serological 
Bath 


A truly versatile small bath—for micro 
work and exacting tests—occupies only 
Ys Square foot—has range up to 100°C — 
uniformity +0.2°C or better. Weighs only 
5 Ibs. Has new universal rack for simul- 
taneous use of various sizes and shapes 
of tubes, flasks and beakers —has micro 
tube rack for 6 to 12 mm. tubes. Write 
for Bulletin 613. 


MORE COMING IN THE MONTHS AHEAD 


NOW...CHRONOFRAC 


A New...Fully Guaranteed... 
Professional Quality... 
GAS CHROMATOGRAPH 


ONLY $250 


A speedy reliable solution 
to routine gas and volatile 
liquid analysis problems. . 
Quickly pays for itself in 
savings in time and materi- 
al... Inexpensively makes 
gas ‘chromatography avail- 
able to everyone. 


Ideal for quality control of any raw ma- 
terial or finished product with boiling 
point to 105°C. (and many up to 120°C.) 
... Safeguards the quality of the product 
you sell...the products you buy. Simply 
installed and operated. 


Since 1920 Precision Scientific Company 
has directed its efforts toward producing 
new instruments in keeping with the latest 
advancements in scientific technology. 





PRECISION 
SCIENTIFIC CO. 








3735 WEST CORTLAND STREET 
CHICAGO 47, ILLINOIS 


LOCAL OFFICES IN: 
CHICAGO + CLEVELAND 
HOUSTON - NEW YORK 

PHILADELPHIA + SAN FRANCISCO 



















Model FS-614 
Six-unit Fermentor 
Drive Assembly 
Equipped with 
Automatic Antifoam 
Addition’. 








Model F-05 
Stainless Steel Fermentor 










Model FS-314 
Three-unit Fermentor Drive Assembly 





Model FS-1114 
Single-unit Fermentor Drive Assembly 





NBS FERMENTATION APPARATUS for the growth of Bacteria, 
Fungi, Yeasts, Tissue Cultures and Viruses 


For Aerobic 
and 
Anerobic Studies of 
Microbial and Chemical 
Processes at Laboratory 
and 
Pilot Plant Levels 


The NBs Fermentor Drive Assemblies 
offer a convenient and efficient means 
for culturing microorganisms under 
well-defined conditions. Temperature, 
agitation, pH!, air volume and pressure 
can be selected and rigidly controlled 
while sterility is maintained. 


Stainless steel fermentors with Pyrex 
glass jars are available in 5, 7% and 
14 liter sizes. Impellers are driven 
through a non-freezing, stainless steel 
agitator housing which incorporates 
stainless steel ball bearings and leak- 


proof Teflon seals. The fermentors 
are easily and quickly disconnected 
from the drive and will sustain repeated 


‘ autoclaving. 


Water bath temperature is adjustable 
up to 60°C + 0.5°C. A continuous- 
duty, variable speed motor enables im- 
peller speed to be regulated between 
150 and 750 rpm. Performance is 
quiet and dependable under continu- 
ous operation. All NBS apparatus is 
unconditionally warranted for one 
full year. WRITE FOR CATALOG FSS/10201 


@N BS New Brunswick Scientific Co., Inc. 1130 Somerset St.,New Brunswick,N.J. 


Manufacturers and Distributors of Precision Laboratory Apparatus 
: SCIENCE, VOL. 134 
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Readers’ Sorvice Card 
KEEP UP TO DATE 


ON NEW INSTRUMENTS AND EQUIPMENT 


Use the attached postcard to obtain the latest available 
information on instruments and equipment for the 
laboratory. Tear out the card and circle those items 
that interest you. Fill in your name and drop the card 
in the mail. No stamp is necessary. In a few days you 
will receive the requested information. 


HOW TO USE CARD 


For Advertisements. Circle the number of the page on 
which ad appears. Company names appear to the right 
of the page numbers. If more than one item appears in 
an ad, indicate at the bottom of the card which item 
's of interest; otherwise the request cannot be processed. 


Addresses. Fill in name, position, department, employer, 
and address on the address side of card. Cards not 
including position and employer in return address will 
not be processed. 


For New Products. Circle the department number given 
at the end of each paragraph in the New Products 
section (pages 1243—1250). 


LABORATORY RECORDER 
HIGH SENSITIVITY 


MODEL #22700 
eS SERVO-GRAPHIC 
FEATURES: RECORDER 
* Pen travel | Second full scale. RANGE: 0-10 MILLIVOLTS D.C 
© Accuracy 99% or better. 0-100 MILLIVOLTS 0.0 
* Photoelectric Chopper for long life. 

° ene diode stabilized reference The Servo-Graphic Recorder is an 
voltage. ideal laboratory instrument. Put i 

* Adjustable paper speeds, to work and save a valuabl 
n rags vable tech- 
r. ore for high impedance nician's time. O.E.M. users invited. 


* Adjustable range control, Write for literature 


C.H. STOELTING CO. 


12” CHART SERVO RECORDERS 
MULTI-CHANNEL HIGH FREQUENCY OSCILLOGRAPHS 
POLYGRAPHS @© KYMOGRAPHS ® MANIPULATORS 


424 NORTH HOMAN AVE., CHICAGO 24, ILL 


Circle 1123 on Readers’ Service Card 
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create 


Physico-Chemical 
Reactions 
with 


RAYTHEON 


Sonic 
Oscillators 


Don’t wait for reactions and phenom- 
ena — make them happen — with sonic 
energy. Use sound waves to 


e Disperse e Diffuse 

e Accelerate e Disintegrate 

e Emulsify e Decompose 
a TT 


You will receive full data by return mail. 


Circle 1124 on Readers’ Service Card 
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a new look 
a new proficiency 


Introducing a new series otf analytical balances. 
Modern in every respect — including a new all metal 
housing, built-in weights, air damping, and projection 
scale reading. The models in the 1500 series were 
designed for laboratories seeking the advantages of 
an automatic balance in a two pan system and medium 
price range. 


My) 


“ = y 
106 FF ls” 





A demonstration or trial of any Sartorius balance 

may be arranged through your nearest Sartorius distributor. 
For further information on Series 1500 balances, contact: 
BRINKMANN INSTRUMENTS, INC. 

115 Cutter Mill Road, Great Neck, N. Y. 


PHILADELPHIA - CLEVELAND - HOUSTON - MIAMI « MENLO PARK, CAL. - ST. LOUIS 
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Celite*, the diatomaceous silica that was used 
in earliest gas chromatography studies. 


Chromosorb, inert column-packing aggre- 
gate, is a specially treated grade of J-M 


You always get a good “picture”’ 
with Johns-Manville Chromosorb 


As an aggregate in gas-liquid parti- 
tion chromatography, J-M Chromo- 
sorb® gives high partitioning effect 
with maximum number of theoretical 
plates. Good resolution is obtained 
because it is chemically inert and 
won’tadsorb components being passed 
through. You get uniform results, 
optimum reproducibility, and good 
flow of carrier gas without excessive 
pressure drop. 

Chromosorb combines optimum 
surface area with high uniformity. 
For reduction of fines, all grades are 
water-screened to close tolerances. 


JOHNS-MANVILLE 


Packing is easy. Its physical stability 
and non-adsorption let you re-use 
the same column packing again and 
again. For further information, con- 
tact the dealer nearest you. 


*Celite is Johns-Manville’s registered trade 
mark for its diatomaceous silica products, 





For gas phase chromatography or where 
inertness is needed ... Chromosorb 
Typical Properties 
Calcined diatomaceous earth aggregate. 


Eth clalie ado antes Oe CARR betes oh ee light pink 
Free Fall Density—lbs./cu. ft. (avg.).......... 20-23 
SHCING GING CIWS, . oc cc cescvuccccccccsee 2.15 
Water Absorption—cc./gr, (avg)... ... cece ewes 2.4 
Moisture—% by weight, maximum...........5.. 1.0 
IGS o'y.0o ou 036 5252s oc eiey beset ew énnee eee 
Surface Area—sq. m./gm. (avg.)....... eee e eens 3-5 


JOHNS -MANVILLE 





uu 


For chromatographic studies ... 
Chromosorb W 
Typical Properties 
Flux calcined diatomaceous earth aggregate, 


COUT oo. n iad pn bode cies nt aaewan ewes eek ie white 
Free Fall Density—tbs./cu. ft. (avg.).......... 15-16 
Specific Gravity—true. . 0... ccc ccc cece cee eke 
Water Absorption—cc./gr. (avg.).......ee sees 4.0-5.0 
Moisture—% by weight, maximum..........-.-. 1.0 
OM: GUID 5.0 b cetwicce (0ddeweded \cukaweauacen 8-10 


Surface Area (BET Method) —sq. m./gr. (avg.)..... 3-4 





For fine filtration of liquids in laboratory 
application... Celite Analytical Filter Aid 
Quality diatomite, calcined at high temperatures 
and acid-washed to remove organic and inorganic 
impurities. Filters out all types of precipitates, 
including the difficult-to-handle gelatinous and 
semi-colloidal materials, and produces brilliantly 
clear filtrates at high flow rates. 
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~NEW MONEY-SAVING PLAN 
FOR PURCHASING J.T. BAKER 
LABORATORY CHEMICALS. 


2 Up-to-the-minute specifications and 
prices on more than 1,000 chemicals. 


New free specification 
catalog just off press 
gives full details 


@ New ACS reagents and spectrophoto- 
metric solvents. = 


e@ New, improved containers for safer, 
more convenient handling and storage. 


@ Tables on pH and redox indicators and 
other useful reference data. 


@ Names and addresses of Baker distrib- 
utors— your quick, convenient sources 
of supply. 











Here’s your new J. T, Baker Specification Catalog and 
Price List No. 620. . . bigger, more useful than ever .. . 
and you save money with Baker’s unique new purchas- 
ing plan. Get full details —send for your free copy. 


You'll find listings for more than 1,000 Baker labora- 
tory chemicals, and specifications for ‘Baker Analyzed’ 
Reagents— with the highest purity and most precise 
labeling in the industry. You’ll find 66 new items 
introduced since Catalog No. 58 and over 250 key 
organic chemicals for laboratory use. 


a) J.T. Baker Chemical Co. 


ar ce ‘Phillipsburg. New Jersey 


Important: ‘Baker Analyzed’ Reagents offer you to-the-decimal defi- 
nition of purity with the Actual Lot Analysis on every label... plus 
the Actual Lot Assay on almost 350. You work faster with greater 
precision—you save money, too! 


YES ... SEND NEW FREE CATALOG with money-saving plan. 


NAME ———— 





ADDRESS 





CITY 





STATE DEPT. $-110 —— 





















monitoring 


aa 
Hill 


iI 





To learn how you can save time while assuring positive 
identifications—even in the presence of highly absorbing 
solvents—write direct for complete details on the new 
Vanguard Model 1056 Automatic UV Analyzer. 


Analyzes across the spectrum—from 200 to 400 milli- 
microns 


Particularly well-suited for gradient elution techniques— 
even when highly absorbing solvents are utilized 


Monochromator-coupled hydrogen light source permits 
selective dialing across UV spectrum 


Automatic chart recorder marking system locates ab- 
sorbing materials by test tube 


Compatible with all Fraction Collectors—regardless of 
make or model 


Fully transistorized for long, precision service 


...across the spectrum 


with just a turn of a DIAL 


Now with just a turn of a dial you can continuously monitor 
column effluent for compounds absorbing at any wave 
length in the ultraviolet spectrum. Vanguard's all-new 
Model 1056 Automatic UV Analyzer performs with greater 
sensitivity and versatility than ever thought possible. Dual- 
beam operation utilizing sample and reference cuvettes 
provides continuous base line compensation for gradient 
elutions and for other applications where the optical density 
of the eluent may change. Operates with minimum super- 
vision and compatible with all Fraction Collectors. Auto- 
matic chart recorder marking system speeds identification 
by quickly and accurately locating test tubes in which 
absorbing materials are located. 











VANGUARD 








INSTRUMENT COMPANY 


DESIGNERS AND MANUFACTURERS OF PRECISION INSTRUMENTATION FOR RESEARCH 
P.O. Box 244 e LaGrange, Illinois e Fleetwood 4-5656 
Regional Office; 115 New Montgomery Street » San Francisco, California e EXbrook 2-0511 
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WARING 

COMMERCIAL BLENDORS 

ARE SERVING FIRMS AND 
LABS IN THESE FIELDS 


INKS—Detergents to reduce pen clogging 


CEMENT—Waterproof cement testing and 
mildew repellent concrete 


CERAMICS—Kaolin and clay slurries 
COATINGS—Films, TV tubes, recording 


tape, adhesive compounds, duplicating 
machine emulsions 


COSMETICS—Shampoos, nail polish, deo- 
dorants, powder, hand cream, hair dyes, 
aerosol hair spray and shaving lather 
ELECTRONICS—Cathode ray tube coatings 
FERTILIZERS—Both liquid and dry, seed re- 


search, plants, cross-pollination, crab grass 
killer development 


FOOD PROCESSING—Relishes, herb and con- 
diment blending, dressings, dog foods 
GENERAL LABORATORY USE—Experimental 
dispersions, emulsions, polymers, slurry 
and solutions 


HOMOGENIZING TEMPLATE EMULSIONS—Sheet 
aluminum, stainless steel 


INSECTICIDES—Repellents and killers 


INSULATION—Rock wool-fiber glass, asbes- 
tos, ground glass beads 


Hi ya aod BD) LY A | PAINT—Color sampling, water-base, rub- 


ber-base, waterproof, enamels 


PAPER——Waste paper evaluation, pulping 
wood fiber, coatings 


S c i E N T | = | Cc PETROLEUM—High octane fuel, additives, 


grease, detergent motor oils 


PLASTICS—Experimental mixes, color test- 
ing, powder and resin blending 


PRINTING INK—Color blending, f 
| N Ss T he U Ni & N iF. inks, engraving fluids sara 
RUBBER—Latex, sponge, synthetic 


TEXTILES—Strength tests for synthetics, 
/ Nylon, Orlon, Dacron, wool and cotton 


TOBACCO—Chemical analyses, homogen- 
ized, experimental blends, mixtures 


VINYL—Upholstery bases color sampling 


WARING PRODUCTS 
Good mixer, yes... but hardly the tool for the CORPORATION 


aat-Uahval ol i-Jalei late Pmanlb diate M-taleMe|alaleiialema-lelelig-vaal-lai WINSTED* CONNECTICUT 

’ H ifj A Subsidiary of 
ro} mn Kolel-A\a-Me-foll-Jaldiilomml-lolele-0co) meu Mei aal-1-) Gm dal-\-1—) Dynamics Corporation of America 
t-te 10 fa-leal-lene— mm ale-Caiale mee (-\-llelal-Me-ale -—— — — — 

: . , GENTLEMEN: 

manufactures a special ized line Send me complete information on your Blendors for labora- 
fos mn 11 -T ale le) eohuaee- tale Mr lolei-\-)-10) a (-1- ae a3 tory and industrial use. My field of interest is 
UE-SE-Y-J alo MAYZole motel aale}(-i«-mre(-3e-U)l-mmeler) 


101) Muto Wr Cale Ml aat-0) MR dal-Miorele) ole) ar 


City/ZONE .... ‘ STATE . 
as aunenn tie ancnencnenanasens 


American made by American craftsmen to help the American economy 
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HARSHAW CRYSTALS are 


TIMES LARGER. 


than 25 years ago 


with “ Harshaw Quality” 


inherent in each crystal 





4] This year Harshaw’s Crystal 
“iy Division celebrates its Silver 

© Anniversary. In these 25 
years the ‘‘art’’ of growing crystals has 
given way to scientific procedures. With 
expanded crystal research and develop- 
ment laboratories, and recently doubled 
production facilities, Harshaw stands 
ready to produce your crystals—regard- 
less of technical nature or production 
magnitude. Our physics, chemistry, and 
engineering departments enjoy the chal- 
lenge of increasingly stringent demands 
from scientists and instrument manu- 
facturers for infrared and ultraviolet op- 


OPTICAL CRYSTALS 


For Infrared and 
Ultra Violet 
Transmitting Optics 


@ Sodium Chloride 


® Sodium Chloride 
Monochromator Plates 


e Potassium Bromide 


© Potassium Bromide Pellet 
Powder (through 200 on 
325 mesh). 


® Potassium Chloride 

@ Optical Silver Chloride 

@ Thallium Bromide lodide 

® Lithium Fluoride 

e Lithium Fluoride 
Monochromator Plates 

@ Calcium Fluoride 

@ Barium Fluoride 

e Cesium Bromide 

e Cesium lodide 








SCINTILLATION 
Mounted Nal (T1) Crystals 


Crystal detectors designed for 
your most sophisticated count- 
ing problems. Our physics and 
engineering groups are avail- 
able to assist you. 


@ Other Phosphors—Rough Cut 
Thallium Activated Sodium lodide 
Crystal Blanks 


e Europium Activated Lithium 
lodide (Normal) 


@ Europium Activated Lithium 
lodide (96% Li* Enriched) 


@ Thallium Activated Cesium 
lodide . 


e Thallium Activated Potassium 
lodide 


e Anthracene 
@ Plastic Phosphors 





tical crystals, and scintillation phosphors. Write for our 36-page booklet ‘‘Synthetic Optical Crystals’’ 


or our 44-page booklet ‘‘Scintillation Phosphors’’ 





The Harshaw Chemical Company Lani Crystal Division | 
1945 East 97th Street + Cleveland 6, Ohio H 
Utrecht, Netherlands — Contact Harshaw-Van Der Hoorn N. V., Juffaseweg 186 
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X-RAY DIFFRACTION AND SPECTROSCOPY 


VERSATILITY ! 





1. Counter Tube Diffractometry. 2. Spectroscopy. 3. Single Crystal Studies. 
4. Spectroscopy of Small Areas. 5. Vacuum Spectroscopy of Light and 
Heavy Elements. 6. Studies of Orientation. 


RCA’s horizontal goniometer performs 6 functions 


Unusual versatility is an important distinguishing 
characteristic of RCA’s X-Ray Diffraction and Spec- 
troscopy Equipment. This versatility is graphically 
demonstrated by the horizontal goniometer which 
can perform six different functions merely by adding 
accessories, as illustrated above. 


RCA X-Ray Diffraction and Spectroscopy Equip- 
ment offers many other outstanding features which 
make it one of today’s most specified lines. For 
example, the DC regulated and filtered power sup- 
ply; the option of mounting two tube stands on the 
Crystalloflex IV; a kit which permits conversion 
from diffraction to spectroscopy in minutes; and the 
new vacuum spectrometer for analysis of light and 
heavy elements. For those engaged in film studies of 
all kinds, the RCA Table Model Crystalloflex II can 





RADIO CORPORATION OF AMERICA 
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The Most Trusted Name in Electronics 


be bought, complete with cameras, for as little 
as $4000. 


A NEW LEASING PLAN now makes it possible to 
obtain all RCA scientific instruments, including the 
Electron Microscope, with no down payment, low 
monthly terms, and a favorable option to buy. 


For complete information write to RCA, 
Dept. AC-362, Bldg. 15-1, Camden, N.J. 





Crystalloflex. IV and Electronic Circuit Panel with Diffrac- 
tometer and Guinier Camera mounted on the generator. 
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8% discount 








on 150-case orders 
of PYREX labware 


You'll find it easy to build an order that qualifies for this 
new, big discount. You can fill all your lab needs from our 
line of borosilicate ware—the most complete line in the 
world. 

We’ve been making borosilicate glass for 45 years. This 
unmatched experience accounts for the scope of the line 
and for the quality in each piece of PYREX ware. You can 
count on a balance of chemical, thermal, and mechanical 
properties. You can get that balance in the labware that 
helps you do your job better. 


Your laboratory supply dealer can help you take ad- 
vantage of the new top discount and of the smaller 
Case-quantity discounts which remain in effect. 

Our new 150-case price list is a good place to start. 
If you need a copy, just write Laboratory Glassware 
Dept., 7510 Crystal St., Corning, N. Y. 


af CORNING GLASS WORKS 


\ CORNING MEANS RESEARCH IN GLASS 


PYREX:*: laboratory ware... the tested tool of modern research 
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INSTRUMENTS AND MEAUREMENTS 


Chemical Analysis, Electric Quantities, Nucleonics 
and Process Control 


Proceedings of the Fifth International Instruments and 
Measurements Conference, September 13-16, 1960, Stockholm 


Edited by HELGE VON KOCH and GREGORY LJUNGBERG 


Volume 1, September 1961, 506 pp., $16.00 


Automatic Process Control 
Physical Methods of Chemical Analysis 


Volume 2, September 1961, 721 pp., $22.00 


Nuclear Instrumentation 
Measurements of Electric and Magnetic Quantities 
Reactor Control 


The proceedings of this conference, sponsored by the Royal 
Swedish Academy of Engineering Sciences and the Swedish As- 
sociation of Technical Physicists, are available in published form 
within minimum time after their presentation. The subdvisions 
of the two volumes correspond to the organization of the con- 
ference. They contain 117 papers by 210 scientists representing 
79 countries. The information included will be highly useful to all 
scientists interested in the fields considered, for which accurate 
measurement and precise control are essential. 


FLUORESCENCE ASSAY IN BIOLOGY 
AND MEDICINE 


By SIDNEY UDENFRIEND, National Institutes of Health 
Bethesda, Maryland 


December 1961, about 450 pp., approx. $12.00 


Besides providing a working knowledge of fluorescence theory 
and practice, this work is intended to convey the wide range of 
potential applications of this method to structural studies on 
proteins and other macromolecules, to research into enzyme- 
coenzyme-substrate interaction, to immunochemistry, to studies on 
endocrine secretions, and to many other areas of research and 
testing. ‘Biology’ is used in a broad sense and includes applica- 
tions in public health and sanitation, food inspection (including 
quality control), toxicology, detection of insecticide residues, and 
other specialized fields. 


QUANTITATIVE ORGANIC 
MICROANALYSIS 


Second Edition, revised and enlarged 


By At STEYERMARK, Hoffmann-La Roche, inc., Nutley, 
New Jersey 


June 1961, 665 pp., $16.50 


The material included in the first edition has been modified 
extensively in order to incorporate recent improvements and ad- 
vances in techniques. In addition, considerable material has been 
added, including discussions of test samples, blank tests, descrip- 
tion of a second type of efficient vibration-absorbing balance table, 
enlargement of the section on microchemical balances, new Kjel- 
dahl procedures to determine nitrogen in compounds in which 
nitrogen is connected to nitrogen or to oxygen, oxygen flask com- 
bustions, determination of fluorine, and microhydrogenation. All 
of the methods included have been stringently evaluated for re- 
liability in the hands of many different chemists. 





Books on Instruments and Methods 


PHYSICAL METHODS IN CHEMICAL ANALYSIS 


Edited by WALTER G. BERL 
September 1961, 476 pp., $16.00 


ELECTROPHYSIOLOGICAL METHODS IN BIOLOGICAL 
RESEARCH 


By J. Bures, M. PETRAN, and J. ZACHAR 
May 1961, 515 pp., $15.00 


GENERAL CYTOCHEMICAL METHODS 


Edited by J. F. DANIELLI 
Volume 2, October 1961, 297 pp., $10.00 


ULTRAVIOLET AND VISIBLE ABSORPTION SPECTRA 
INDEX FOR 1955-1959 
By HERBERT M. HERSHENSON 
September 1961, 133 pp., $8.00 
ULTRAVIOLET AND VISIBLE ABSORPTION SPECTRA 
INDEX FOR 1930-1954 
By HERBERT M. HERSHENSON 
1956 (Third Printing, 1961), 205 pp., $12.00 
INFRARED ABSORPTION SPECTRA 
INDEX FOR 1945-1957 


By HERBERT M. HERSHENSON 
1959 (Second Printing, 1961), 111 pp., $7.00 


METHODS OF EXPERIMENTAL PHYSICS 
Edited by L. MARTON 


Volume 3, MOLECULAR PHYSICS 
Edited by DuDLEY WILLIAMS 
January 1962, about 550 pp. 
Volumes 5A and 5B, NUCLEAR PHYSICS 
Edited by LUKE C. L. YUAN and CHIEN-SHIUNG Wu 


Volume 5A, October 1961, 733 pp., $18.00 
Volume 5B, in preparation 


GAS CHROMATOGRAPHY 


Proceedings of the Second International Symposium 
held in East Lansing, Michigan, June 1959 


Edited by HENRY J. NoOEBELS, ROBERT F. WALL, and N. 
BRENNER 


March 1961, 464 pp., $16.00 


X-RAY ANALYSIS OF ORGANIC STRUCTURES 


By S. C. NyBURG 
May 1961, 434 pp., $13.00 


HISTOLOGICAL TECHNIQUES FOR ELECTRON MICROSCOPY 


By D. C, PEASE 
1960, 274 pp., $7.50 


Detailed literature available upon request 


ACADEMIC PRESS, New York and London 


111 Fifth Avenue, New York 3, New York 
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NEW 


from 


SARGENT 











Model D 


RECORDING TITRATOR 


For Potentiometrically Indicated Reactions 


e DUAL MOTOR DRIVEN TITRATING ASSEMBLIES 

e MULTIPLE DIRECT READING pH RANGES 

e MUTIPLE DIRECT READING MILLIVOLT RANGES 

e AUTOMATIC RATE CONTROL 

e LOW COST 

A basic, universal recording titrator for any and all 
potentiometrically indicated reactions, using any form 
of electrode, either glass or metal, accommodating high 
or low resistance systems, aqueous or non-aqueous media, 
and all practical orders of constituent quantities whether 
in trace, micro or macro concentrations. 


This titrator is at once a fast balancing, high precision, 
multi-range recording pH meter and millivolt meter and 
an efficient all-purpose titrating station with two inde- 
pendent working positions, each having full motorized 
titrant delivery systems with high speed filling and flush- 
ing, automatic safety switches and interchangeable small 
and large volume burette components. Consolidating 
these facilities to create an unprecedented work capa- 
city are the synchronized burette and chart drive with 
direct volume reading on the chart axis and the new 
Sargent wide ratio automatic rate control. 
For Complete Information Write For Bulletin D 


Designed and Manufactured by E. H. SARGENT & CO. 








Py SAI g GS E- N q SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 





E.H. SARGENT & CO., 4647 WEST FOSTER AVE., CHICAGO 30, ILLINOIS 
DETROIT 4, MICH. * DALLAS 35, TEXAS * BIRMINGHAM 4, ALA. *« SPRINGFIELD, N.J. * ANAHEIM, CALIF. 
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YOUR CHOICE OF 
‘‘CLEER-VUE”’ 
PERMANENT-TYPE 
SUPPORTS 


Made of nickel-plated steel to provide 
firm, safe support for S. |. U. cages. Will 
last indefinitely. 











OR 





DISPOSABLE-TYPE 
SUPPORTS 

















A sturdy, practical cardboard support with a perfo- 
rated record card on the front... Completely disposable. 


tDeveloped by the Microbiology and Design Department of 
Southern Illinois University, Carbondale, Il. 


Foreign and Domestic Patents Pending 


*When purchased in quantities. 
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THE MOST ECONOMICAL! 


THE /\/OUs.1.u. 


DISPOSABLE 
CAGE 


as low as (i 


Proved in America’s 
finest laboratories 


Modernize your lab routine this easy way... 

save money, too! Try these disposable cages that cost 
less than it costs to clean, maintain and 

store ordinary metal or plastic types. Tough, inert, 
escape-proof plastic construction that you use 

just once... then throw away! No fuss, no muss, 

no bother. Always clean, safe, ready to use. Transparent 
for continuous observation. Used with ventilated 


Ni, T, metal top and unique support systems. 


 : » You can save personnel time and add 
convenience, by nesting a quantity of cages before 
you start your experiments. Just lift off the 

used cage at conclusion of the test and you have a 
fresh, clean cage nested below! A great time-saver. 
Complete S.I.U. cage system consists of: Disposable Plastic cage 
bottom, nickel-plated steel top, cage support (permanent or 
disposable type), aluminum food hopper, water bottle and stopper, 
stainless steel feeding tube. 

® Write for complete Bulletin and names 

of exclusive distributors. 


DISPOSABLE LABORATORY CAGES, Inc. 
Division of Labline, inc. 
3070 W. Grand Avenue, Chicago 22, Illinois 


Dept. C 
ln sa Make a trial test and prove the economy and efficiency 


to yourself. Order the inexpensive Test Package at only $19.75 . .. enough for 
car. NO. 9000 10 complete tests. 
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PICKER NUCLEAR 


goes all the way... offers first 


FULLY TRANSISTORIZED 
SCALERS AT SENSIBLE PRICES 


Among these new scalers, there’s one (or more) precisely 
tailored to your need. Common to all are... 






















all these operating advantages 


(because they’re fully transistorized ) 


all this counting prowess 


all-electronic decades 


all-electronic timer (optional) greater operating stability 
preset count and preset time greater long term stability 
1 microsecond resolving time no need for warm-up delay 
1600, 3200, and/or 500 volt longer component life 
HV supply 
5 ees greater compactness 

12 or 25 mv input sensitivity ee 

He . : easier circuit replacement 
precision pulse height analyzer ‘ . ‘ 

more uniform production quality 


or discriminator (optional ) 
automatic operation 
count and time read-out (optional) 
simplified controls 


prompt delivery 


get details from yout local 
Picker representative, or write 
Picker X-Ray Corporation, 
White Plains, New York 


e 
ie Lem ee: | 2 e I KER REN 
it Miah d m r erre | 
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+for FUN, 


STEREO MICROSCOPE 


Years in development. Precision Amer- 
ican made. Used for checking, 
specting, small assembly work. 
to 3” ng distance. Clear, sharp, 

Wide, 3 dimensional 
of objectives on rotating 
23X and 40X. 10 Days Free 









Stock No. 85.056-W 
f.o.b. Barrington, 


ATTACHMENT—with 





DIRECT MEASURING 
comparator reticle 
sions, diameters, 
inches 


Stock No. 40,486-W 


regular 


for on-the-spot checks of linear dimen- 
and 


radii angles—in millimeters and 


$10.00 Postpaid 





“AMAZING SCIENCE BUYS. 


OFIT — 


STUDY or PR 


ASSEMBLED 
AND 
READY TO USE! 


craters 


60 





Photographers! This is an actual photograph 


You'll see the Rings of Saturn, 
on 
Galaxies! 
over-coated 


Stock No. 85,050-W 


See the Stars, Moon, Planets Close Up! 


3” ASTRONOMICAL REFLECTING TELESCOPE 
60 to 180 Power. An unusual Buy! Famous Mt. Palomar Type 


the fascinating planet Mars, huge 
Moons of Jupiter in detail, 
Aluminized and 


the Moon, Star Clusters, 
Equatorial mount with lock on both axes. 


3” diameter high-speed f/10 mirror. Telescope comes 

equipped with a 60X eyepiece and a mounted Barlow Lens. giving 

to 180 power. An ptical Finder Telescope, always so 

is also included. Sturdy, hardwood, portable tripod— 

ith Scope:—Valuable STAR CH plus page 

OOK OF HEAVENS” plus “HOW TO USE YOUR 
TELESCOPE” BOOK 

wnéensuekecnine Jdcaminisacuancs $29.9& Postpaid 





of the moon taken through our Astronomical 


Telescope by a 17-year student. 44” 








DIRECT MEASURING ATTACH [—with sand 
measuring reticle for sand and soil analysis ote. 
counting or measuring other particles of matter. 

mretk Ne, 40,047-W 2. cnc cnnendeeseoues $10.00 Postpaid 





LEARN HOW YOU SEE, HEAR, 
TOUCH, TASTE AND SMELL 


5 Scientific Twice Life Size Kits 








Visually demonstrate the five senses. 
Find out how and why you experience 
sensation or enjoy any phase of human 

», Lab models of the eye, ear, nose, 
skin, tongue and lower jaw. Eye model 
features unique life movement of eye 
and muscle, Ear offers full view of 





and interior ears—has_ see- 
for the first time available for in- 


exterior 


through features. Now 





NEW PORTABLE ELECTRIC GREENHOUSE 


FOR YEAR-ROUND GARDENING MAGIC 


Now you can practice gardening 
as a hobby 12 Months a year! 
Grow endless varieties of plants 
to maturity summer and winter 

experiment continuously 
with plant growth and develop- 
ment. Thermostatically controlled 





Ege a Telescope—up to 255 Power, all-metal pedestal mount. 
Stock No. 85,105-W $79.50 F.O 


0.B. Barrington, N.J. 


STURDY—LOW COST 
PRECISE LAB BALANCE 





Built for hard, daily use. Weighs 

materials from 100 milligrams 

Ns to 100 grams, can be used for 

proportionate measuring. Has removable plastic pans 

60mm in dia. Features base of rugged cast iron and 

peers one piece beam for balancing. Overall ht. 

>” x 7” long. Comes complete with set of 12 weights 

raneing from 100mg to 50g and pr. of tweezers in 
wooden box. Imported. 

Stock No. 70,443-W — ....------------$15.00 Postpaid 





temperature and humidity for 
rapid germination of seed, root- 
ing of cuttings, and maximum growth potential. Size 15” 
x 18”, with styro-foam base, 25-watt heater and thermo- 
stat, 2 polysterene planter trays, clear styrene lid. 2 


sizes avail. ea. incl. bag of growing medium. 


Stock No. 70,490-W Low-lidded model, 7” high $14.95 Pp. 


Stock No. 70,491-W High-lidded model, 15” high $21.95 Pp. 








dividual, student and professional use at a_ reasonable 
price. Each kit includes full color anatomy chart. 

Stock No. 70,464-W All five Senses ...._- $10.00 Postpaid 
Stock No. 70,465-W Eye ~<mesis $ 2.00 Postpaid 
Stock No. 70,466-W Ear _-.-.. -$ 2.00 Postpaid 
Stock No. 70,467-W Touch -$ 2.00 Postpaid 
Stock No. 70,468-W Smell __- $ 2.00 Postpaid 
Stock No. 70,469-W Taste $ 2.00 Postpaid 








THERMOMETER TIE BAR AND CUFF LINKS 
REGISTER AS HOT CONVERSATION PIECE 


Ruggedly precise new style item 
in matched set of cuff links and tie 
bar—featuring non-breakable,  ac- 
curately calibrated thermometers. 
Sensitive to a tolerance of 1 degree 
(although some wearers have noted 
violent fluctuations when worn in 
close proximity to certain blondes 
and redheads of the warmer sex’’) 








Easy to re Indicia tange from 20 (degrees) to (plus) 
120 (degre Fahrenheit on circular dial. Silver plated, 
gift boxe ie Sar and Cuff Links also available 
separately. 

Stock No. 1700-W Tie Clasp ~......$3.25 Ppd. tax incl. 
Stock No. (701-W Cuff Links __..._$6.55 Ppd. tax incl. 
Stock No. 1702-W Set of Clasp & Links, 


$8.75 Ppd. tax incl. 





WHIRLING WONDERS 


Wonderful World of 
Whirling Wheels 











Here’s a new adventure in optical 

impressions—-created by the magi- 

cal effect of these fascinating, 

rotating discs. In addition to weird shapes and fantastic 
“‘after images’’ this kit demonstrates ‘‘stop motion’’ 
stroboscopic _principles—‘‘off center’? focus and even 
hypnotism. Kit includes 18 dises, approx. 5” in dia, 
battery holder, stat, small motor mounted on bracket, 
bulb, socket, and complete booklet of instructions 
and experimental use 

Stock Woe. 70,414-W........000.-snnnee $9.95 Postpaid 





PRE SIE RS 
Experiment in Plastics with 
New PLASTICS ENGINEERING SET 


Keep pace with advances in plastics 


technology. Innumerable profit op- 
portunities. Designed for working 
knowledge for non-plastics tech- 


nicians, etc. Teaches how to identify 
and shows unusual properties and be- 
havior of different plastics. Demon- 
strates heat forming, heat sealing, 
cementing. Depicts methods of foam 
casting, solid casting, rotational 
casting, slush molding. Make plastic 
products by injection molding and blow molding. Kit 15” 
x 6” x 115%”. Incl. non-tech. instr. manual. 


Stock No. 70,456-W 





Sdndectamevesuscecs= $25.00 Postpaid 





BE YOUR OWN WEATHERMAN! 


WEATHER STATION MARK I 
performs all measurements and com- 
putations for professional weather 
forecasts. Rise and fall of fluid in 
Cape Cod Glass shows changes in 
barometric pressure. Also compute 
wind speed and direction, measure 





rainfall, figure dew point, read wet- 

bulb temperature, etc. Weather man- 
ual included—clear instructions for calculating the Tem- 
perature-Humidity Index and relative humidity. Fully 
portable. Panels and packaging of heavy polysterene. 
eae RO" Wu .08 $9.95 Pstpd. 


Stock No. 70,488-W BY,” 





LS A 
LIFE SIZE VISIBLE HUMAN HEAD 


Precise, Full Color, Take-apart Model 
Study the most complex organ easily, inex- 
pensively. Ideal for student, hobbyist, pro- 


fessional. You will be amazed at the detail. 
Molded from actual human skull. Eyes, ears, 
and teeth easily removed and disassembled 
for complete study. Entire brain, spinal cord 
and organs of mouth and throat presented in 





vivid 





detail. Amazingly low price—conforms to rigid 
laboratory standards. 16-page fully illustrated medical 
handbook included. 
Stock No. 70,447-W $9.95 Postpaid 


ORDER BY STOCK NUMBER 


EDMUND SCIENTIFIC CO. 


DE LUXE ADVANCED MODEL MARK II 


Stock No. 70,489-W 15” x6” x 114” -.---- $19.95 Pstpd. 





NEW LOW PRICE FLASHLIGHT POINTER 
. «+ Point It Out With Arrow 
Projected 


Ideal for pointing our interesting 
features on movie and slide projec- 
tion screens. Excellent lecture tool. 
For teacher use on maps, etc. Flash- 
light focuses an arrow where you 
point it. 


Stock No. 60,117-W 








. « « SEND CHECK OR MONEY ORDER... 


“FISH” WITH A GIANT MAGNET 
Bring Up Under-Water Treasures 





Real fun! Profitable, too! Simply trail 
this powerful 5 Ib. Magnet out the stern 
of your hoat—retrieve outboard motors, 
fishing tackle, anchors, other metal valu- 
ables. Alnico V-Type Magnet has ter- 
rific lifting power—2000 Gauss rating— 


lifts ower 125 Ibs. on land—more under water. Many in- 
dustrial uses, too; recover tools and parts from inacces- 
sible spots, hold work in place, rid shop floors of metal 
fragments, pins, ete. 

Stock No. 70,183-W 5-Ib. size ~......-....-. $9.95 Pstpd. 
Stock No. 70,416-W 3'2-Ib. size -$7.95 Pstpd. 


War Surplus American-Made 7x50 Binoculars 





Big savings! Brand new! Crystal 
clear viewing--7 power. Every opti- 
cal element is coated. An excellent 
night glass—the size recommended 


for satellite viewing. Individual eye 
focus. Exit pupil 7mm. Approx. field 
at 1,000 yds, is 376 ft. Carrying 
ease included. American 7 x 50's 
normally cost $274.50. Our war sur- 
plus price saves you real money. Sie ee 
Seeen NG. UG W ccc w naa cecae Only $74.80 postpd. 
(Tax included) 





6 x 30 Binoculars—similar to above und a terrific bar- 
gain. 
Stock No. 963-W —....... $33.00 Pstpd. (Tax included) 


wtih OF SCIENCE...REALLY BEAUTIFUL! 


CIRCULAR DIFFRACTION- 
GRATING JEWELRY 


1” diameter 


Shimmering rainbows of gemlike color 
in jewelry of exquisite Sead 
with CIRCULAR DIFFRACTION 
GRATING REPLICA. Just 

prism breaks up light into its full 
range of individual colors, so does 
the diffraction grating. Promises to 
become a rage in current fashion. 


Stock No. 30,349-W Earrings 
Stock No. 30,350-W Cuff Links - 


















BARRINGTON, NEW 


Stock No. 30,372-W Pendant — 
Stock No. 30,390-W Tie- Clasp 








COUPON for 


144 Pages! 
Over 1000 Bargains! 


EDMUND SCIENTIFIC CO., 
Barrington, N. J. 


ME 
| 
| 
| 
| 
| 


Please rush Free Giant Catalog-W 





Name ......+- 
Address ..cceccces 
City Dabdbiad heard bets ae 


See ewww were eee eens 


le ee ee SS 





SATISFACTION GUARANTEED! 


JERSEY 
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Model 60-1 Compact Chromatograph 


ESTRONE 


ACETYLATED 
ACETYLATED 
ESTRADIOL 


SOLVENT 





UNIDENTIFIED PEAKS 
ACETYLATED ESTRIOL 














@ 





Chromatogram of an estrogenic steroid separation using the Mode! 60-1 Compact Chromatograph. 


from Acetone to Zingerone... 


you'll find in this pair of RSCo Gas Chromatographs 
the capability you need to separate and quantitate 
compounds on any scale, from macro volumes to the 
most minute trace components. 


The Versatile, Viable Series 600 


Series 600 modules add up to as complete and flexible a 
gas chromatography system as you will find anywhere, at 
any price. Any one of several possible modular combina- 
tions fashions a system to meet your current needs. Add a 
new detector and power supply to an existing unit, and 
you obtain the equivalent of an entirely new instrument. 
Interchangeability of modules and the ability to expand 
the system economically in any direction you choose gives 
you a viable instrument that defies long-term obsolescence. 


Accuracy and resolution? More than sufficient to satisfy 
the most demanding requirements. 


The Ultra-Sensitive Model 60-1 


Fleeting trace substances are arrested in flight by the re- 
markable Model 60-1 Compact Chromatograph with hydro- 
gen flame ionization detector. Where that extra surge of 
sensitivity is needed — enough to spot steroids in blood or 
urine samples, for example — Model 60-1 delivers up to 
2 x 10°13 moles/sec worth. This means detection power that 
discerns traces of propane down to 3 ppb. 


Size? A space-saving 20%.” x 151%,"" x 16” high. Price? 
About half that of a large laboratory instrument. 





_ Use return for lete specs, prices and descriptive literature. 


of Pr 





_ RESEARCH SPECIALTIES CO. 


SERIES 600 MODULAR CHROMATOGRAPH 


a. lonization Detector and Oven 
Assembly; b. Column Oven; c. 
Injection and Output Housing; 
d. Capillary Sample Injector; e. 
Main Control Unit; f. Detector 
Power Supply; g. Flow Control- 
ler; h. Manual Temperature Con- 
troller; i. Proportional Tempera- 
ture Controller; j. Recorder Unit; 
k. Instrument Table. 













MAIL 
TODAY 


Research Specialties Co., Dept. A 
200 South Garrard Blvd. 
Richmond, California 
Please send literature checked below: 
C) Series 600 Gas Chromatograph illustrated catalogue. 
[LD Model 60-1 Compact Chromatograph information bulletin. 
(] Comprehensive bibliography on steroid studies by 
gas chromatography. 











200 SOUTH GARRARD BLVD. RICHMOND, CALIFORNIA 
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most resolution per dollar of any IR instrument! 


The Model NK-1's resolution and scan- 
ning speed capabilities far exceed those 
of any other competitively-priced instru- 
beetcpeh MAY ’Met- le Beelosu-Mbir-Bel-puiepwect-belel-a-le pet: Bt) 
iRet-Nao) Mb bebibu-bucle ME-) ol-(el gue) odeleldeseel-ii-u- Mele.) 
pbetomdeteret-t-betel-fes mole} Bt-bu-weelo)u-me ci-t-10-Lel- bet) 
with excellent resolution are the result of 
id ot-m-a lolol bus-lehtbuct-m- pete maet-mebetel-et BOR ae: bucd—) 
optics used in the NK-1 to generate and 
pey-t-t-Buctebt- beam bebeu-bu-leM-sel-puca'ats)ol-le)t- 0m) -len 
ip wepoblemep buclebic- i ieyw-Ceinebest-hnletwier- bel @lesetsue}l 
and Accelerated Scan Program allow you 
to take full advantage of this vast energy 
superiority. 

The Model NK-1 has the reproducible 
jodetesnepectcipulem- pele mus R4-)(-pelcadele:(elele bu: len ap uct 
quired for exacting quantitative analysis 
FebeXe Mab Co} is oles GDR 4-ME-lel_lebuelalebemmel: bole mp lols etn 
fication. In addition, the NK-1 is an ex- 
tremely flexible instrument. Any wave- 
cbetsadeWbucisslope@el-lauucl-peMlOm~iol- pele Mrst.mymer- bel 
be selected for study. In the 2.0 to 16.0 u« 
NaCl region, wavelength resolution is 
0.015 ». And with special optics, sources 


NEW BROCHURE AVAILABLE. A new, 20-page brochure supplying 
technical details and specifications for the NK-J Spectrophotometer and 
accessory equipment is now available from Baird-Atomic. Write for your 


t 


Model NK-1 Spectrophotometer ... 


Pete Mel-inclelfeu-m-Rs:bOE- Ve) lo me mer: bel elo Mb t-(-le MB de) wl 
special research in addition to conven- 
tional applications. 

The NK-1 Spectrophotometer also 
offers many convenience features. 
yi eolobet=mdel-pecte- me t-bucd-mmreebloletM-t-eetol Coe: Duct.) 
that provides plenty of room to work with 
r}or-lept- BME -t- peek o}(-Mrel-30C_HE- Bele ME) el-[est: S Mb eslele bee 
ings that -allow prisms and associated 
or Beet neMol-Meset-betsd-le Gb bel (-1-\-Mdet-beWebel Beeb bet 
ute with no calibration required. Further- 
boolohu- Mb ie Cr: Melebeeweol-felmesebimuettelole) i ele) eller] 
E-bete Wm} (-[elpwebeb lela -potel lel-[-le meses (samt: ME) bel =a (—) 
cover. And now, Baird-Atomic supplies a 
full line of accessories for liquids, solids 
and gases — including ultfa-micro cells, 
pressure cells, and long path length cells. 


Engineers and scientists: Investigate 
royale ts(-del dba) Melslelelaattelial-\ Me alasie t-tiae be. trelection 
Write Industrial Relations Director. All quali- 
fied applicants will receive consideration for 
employment without regard to race, creed, 
ore) (o}ake) abel: talelel-Tmelel tien 


Nig, 


SE, 


fefe) oh’am elee: Wm: pele mebt-leleh¢-buk seh mana mer: belt: amp eelel-) Bb uci-lesken opel ol-pure ley Bt: bwe) mb eh 4 


IR instrument!” 


Y = } 


z____ 





BAIR D-ATOMI/C,/NC. 
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ELECTRONICS. 


JIS University Road: Cambridge 38, Mass. 
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ENCYCLOPAEDIC 
~ DICTIONARY 
OF PHYSICS 


an indispensable work of reference... 











8 volumes 
$298.00 the set 
15,000 terms 
subject indexed 


Editor-in-Chief: J. THEWLIS (Atomic Energy Research Establishment at Harwell) 
Associate Editors: D. J. HUGHES (Brookhaven Nationa! Laboratory) A. R. 
MEETHAM (N.P.L. Teddington) R. C. GLASS (London) plus 3,609 of the world’s 








bibliography ¢ 60 sections 


After many years of preparation, one of the great ac- 
complishments of scientific publishing is now available! 
Exhaustive, comprehensive in scope and eminently 
authoritative, this is a work no person active or in- 
terested in the field of physical science can afford to 
be without. It is indispensable to scientists, engineers, 
doctors, science teachers, students; mariagers of tech- 
nical, engineering, research and industrial establish- 
ments, consulting and design engineers’ offices; univer- 
sity, industrial, technical college, secondary school and 
large public libraries. 

This work covers physics proper, mathematics, astrono- 
my, aerodynamics, hydraulics, geophysics, metrology, 
physical metallurgy, radiation chemistry, physical 
chemistry, structural chemistry, crystallography, medi- 
cal physics, biophysics and photography. 





Some of the distinguished consultants and contributors 
to this encyclopaedic work .. . 


G. ARRHENIUS (California) B. JIRGENSONS (Texas) 
G. BREIT (Yale) E. C. POLLARD (Yale) 

R. L. COOL (Brookhaven) R. J. SEEGER 

M. J. S. DEWAR (Chicago) (Washington, D. C.) 

G. J. DIENES (Brookhaven) A. H. BECK (Cambridge) 
W. M. ELSASSER (Utah) G. BOMFORD (Oxford) 

H. EYRING (Utah) H. BROOKS (Harvard) 

M. J. SCOTT (Harwell) SIR EDWARD BULLARD 

R. C. GARTH (Brooklyn) (Cambridge) 

W. S. GINELL (Brookhaven) A. L. CULLEN (Sheffield) 

S. A. GOUDSMIT (Brookhaven) P. A. SHEPPARD (London) 
J. A. HARVEY (Oak Ridge) 1. A. SINGER (Brookhaven) 
W. A. HIGINBOTHAM E. E. SMITH (London) 
(Brookhaven) 











further action. 
published. 





internationally known physical scientists. 


the whole of physical knowledge 


Written by 3,609 of the world’s leading physicists, mathemati- 
cians, chemists and engineers, this eight-volume work puts the 
whole of physical knowledge on the bookshelf. Its alphabetical 
arrangement, bibliographies, subject index and six-language 
glossary are only a few of the outstanding features of this work. 
“Advances in Physics”, an annual supplement, will keep this 
work up to date. 


six-language glossary 

The six-language glossary, included with the set, is a unique 
compilation of physical terms in six languages—English, 
French, German, Spanish, Russian and Japanese, enabling terms 
in any of these languages to be found in the others. Also avail- 
able separately at $60.00 the copy. 


examine Volume | without obligation 


You are invited to examine Volume I of this exceptional and 
indispensable reference work without cost or obligation! Use 
the coupon below to obtain your copy for examination during 
a 30-day period. If you agree it will be of lasting value to you 
and to your organization, keep Volume I, and receive the sub- 
sequent volumes at monthly intervals. Payment in advance 
need not be sent; invoices for each volume will be forwarded as 
delivery is made, prorated for the cost of the complete set. If 
you do not wish to receive the entire ENCYCLOPAEDIC DIC- 
TIONARY OF PHYSICS, simply return Volume I within 30 
days, without further obligation. You risk nothing by taking 
advantage of this opportunity. USE THE COUPON TODAY! 


PERGAMON PRESS, INC., Dept. $1, 122 E. 55th St., New York 22, N.Y. 


(1 Yes, please send me my advance copy of Vol. I for 30 days’ free examination. 
I understand that if I agree that this work is of lasting interest and value to me, I need take no 
I will simply keep Volume I, and you will send subsequent volumes to me as 


You will invoice me after 30 days for the first volume and for each volume thereafter as published, 
on a pro-rated basis. 





If I decide to return the first volume, no subseq hip s will be sent to me. 
122 East 55th Street, N.Y. 22, N.Y. i tty yr ae Re, ke een ne Ay Were e hae kya re me 
NEW YORK @ OXFORD SORE 5 wEKRiSiyc dc diclenecdetcccadevecececsctconsngsedcees es $ot.cesS panier si in eecse’ 
LONDON e PARIS CHEY occ cc wtecrcdececctocccccccceccceccccceesecosecvesese ZONE .... SAS wecccccecccscccce 
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With the VirTis Freeze-Mobile 








AUTOMATIC: SAMPLE FREEZING 


INDIVIDUALLY CONTROLLED 
SHELF HEATING 


LARGE CAPACITY 


FULL SAMPLE VISIBILITY 





Freeze-drying in trays is the method employed by the pharmaceutical industries for large scale production 
of heat labile biologicals. Now, VirTis offers this convenient procedure to the research laboratory. The VirTis 
Mechanically Refrigerated Freeze-Mobile, equipped with the Tray Drying Chamber, provides a fully automatic 
system for processing volumes up to seven liters at one time. Materials to be dried are simply poured directly 


into the three stainless steel trays provided, or they are filled into suitable containers such as serum bottles. 


Samples are frozen automatically on the refrigerated shelves. Precisely controlled drying rates are easily ob- 
tained with thermostatically controlled heat input to samples during freeze-drying. 

Tray drying effects enormous economies in both time and material. Large volume dehydrations can be set up 
in less time than connecting a few ampoules to a manifold type freeze-dryer requires. And dry ice-solvent costs 


and inconveniences are eliminated. 


For special applications, the Tray Drying Chamber may be removed from the Freeze-Mobile cabinet and re- 
placed with a manifold or other type of freeze-drying chamber. Two electrical connections are all that are 
needed to operate this fully mobile, remarkably compact instrument. 


For full details on the Mechanically Refrigerated Freeze-Mobile, Model No. 10-145MR-TR, write: 


THE VirTis COMPANY, INC. GARDINER, NEW YORK 
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MURANO 
COLORS 


Interference Films in the 
form of Microscopic Platelets 


The particles of Murano Colors are very thin microscopic 
hexagonal platelets of a lead compound, each of which 
acts like a tiny interference film. Thus a plastic film or 
sheet, containing the pigment, behaves like an interfer- 
ence filter...reflecting one color...transmitting another. 


Murano Colors are available as concentrated pastes or 
suspensions and may be dispersed in lacquers, cast in 
polymerizable resins, such as acrylates and polyesters, 
or incorporated in thermoplastics, such as polystyrene 
and polyvinyl chloride. 


The plate-like character of the particles imparts a pearl- 
escent luster, in addition to color, when viewed by 
reflection. 


You are invited to explore the possibilities that these tiny 
interference films may be employed to help solve research 
problems in your work... 


PLEASE WRITE US for technical literature and samples. 
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THE MEARL CORPORATION 





REFLECTED 


COLOR 
TRANSMITTED 


COLOR 


These platelets have the inherent property of reflect- 
ing light of one color and of transmitting light of the 
complementary color without absorption of light. 


OPTICAL PROPERTIES 
OF MURANO COLORS: 




















Murano Reflected Transmitted 
Color Color Color 
BA YELLOW BLUE 
BD RED GREEN 
BF BLUE YELLOW-ORANGE 
BH GREEN RED 

















TRANSMITTANCE AND REFLECTANCE CURVES 
FOR MURANO COLOR BD 


8 
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TITRIGRAPH 


For recording Titration Curves 


~ For Use as a Recording pH Stat 
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The new Radiometer Titrigraph has a wide field of application 
in pH and buffering studies, and in enzymatic and protein 
investigations or any other studies requiring maintenance of 
constant pH in reaction solutions. 


The TTT-1 Automatic Titrator is noted for its stability and 
flexibility in the performance of automatic titrations, and as a 
precise pH meter.. Combined with the new SBR2 Recorder and the 
SBU1 Syringe Burette units, it can automatically draw and record 
titration curves, or act as a pH stat to record titrant consumption as 
a function of time under conditions of constant pH. 


As a Titrigraph, the Recorder is unique in adapting itself to 
the slope of the titration curve and closely controlling titrant flow 
where the curve becomes steep. As a pH stat, remarkable stability 
permits studies of up to several days’ duration with a wide 
choice of chart speeds and burette delivery rates. 


A precise and versatile instrument designed and produced 
in the Radiometer tradition. 


Write for descriptive literature and complete specifications — 
you will find prices most attractive. , 


SOLD AND SER 


meno conra RADIOMETER 
(Formerly Welwyn International trc.) 
3355 Edgecliff . ss 


CLEVELAND 11, OHIO 72 Emdrupvej COPENHAGEN, DENMARK 


I'n Canada: Contact any Branch of Canadian Laboratory. Suppties Limited 
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Mettler Balances from S/P 





which one fits your needs? 


From micro to macro, there’s a Mettler 
Balance from S/P that’s perfectly suited 
to your laboratory. These modern single 
pan balances are fast, accurate, conven- 
ient. With Mettler Balances, it takes less 
than 30 seconds to determine an un- 
known weight, and they’re so simple to 


operate no special training is required. 


Scientific Products has Mettler Balances 
in stock. For complete literature or a 
conclusive demonstration, ask your S/P 
Representative or write our General 
Offices (address below). 











scientific products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 
Regional Offices: Atlanta - Boston - Charlotte - Chicago + Columbus « Dallas - Detroit - Kansas City 
Los Angeles - Miami - Minneapolis - New York + San Francisco + Washington 
Export Department-—Flushing 58, L. I., New York. In Mexico: Hoffmann-Pinther & Bosworth, S. A. 
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hotoelectric Precision Polarimeter 


0.005° 


Supreme accuracy and speed in measurement 











_—— 


The unique photoelectric principle used in this polarim- 
eter results in a measuring accuracy of 0.0025° as well 
as the elimination of subjective-setting and correction of 
errors. It is remarkably easy to operate. 


The polarimeter tubes, with a path length of 10, 20, 
50 and 100mm, are automatically lowered into the hous- 
ing and brought into the path of rays. The electric indi- 
cator instrument is set to zero by conveniently located 
knobs for coarse and fine adjustment, and the angle of 


e rotation can be immediately read off on two projected 
scales representing diametrically opposed sections at 20x 
Write for booklet magnification. This projection of the scales permits use 


of the instrument in undarkened rooms. Reading is direct 
which gives full details. to 0.005° and by estimation to.0.0025°. 


° Automatic control maintains full measuring accuracy 
even for strongly absorbent samples. e 


Five double-band interference filters for wave lengths 
365, 405, 436, 546 and 578 m+ of the light of a buiit-in 
mercury lamp permit measuring of optical rotatory 
dispersion. 






co 
CAPM ZEISS, MME. 002085 
485 FIFTH AVENUE, NEW YORK 17, N. Y. 
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Two new 
heating mantles 
from Glas-Col 


Kjeldahl Heating Mantle 


Heat input for each unit can be individually con- 
trolled. The mantle has rugged 3-wire cord with 
one wire grounded to metal housing. Since wat- 
tage requirements for distilled aqueous solutions 
are high, the heating mantles are made from 
quartz fabric for safe, dependable operation. 


SPECIFICATIONS 
Catalog No. KJ-500 


SURE TIMING ars. OCHO RG Gre coe eba sudeie nebo cclensens 500 ml 
OWS ON WNC ei ssnies cess cesses ees 325 watts, 115 volts 
7, EURO SESA eo or ic NY ee Ce CET oe $350.00 
Replacement heating elements............. $12.00 each 
Catalog No. KJ-650 

SAO e ra sowie lite So c6h 0s ose oss ccbmealawentae 650 mi 
POWOET BOY UNM Cokas a gercs ca nesecevec's 385 watts, 115 volts 
SPUR ikiais « <sie ANS MNS aia si 8 06:6 00's 00.5 Sa Salem $370.00 
Replacement heating elements............. $14.00 each 
Catalog No. KJ-800 

1) ad ERP AE oda ee Cn PE 800 ml 
POWET DON UENerierlccce riers cs cseee's 440 watts, 115 volts 
PPCG cise cesasqen ga di Lip uilee wine «ais daeusges $370.00 
Replacement heating elements............. $14.00 each 
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The new Soxhlet and Kjeldahl heating mantles are 
by-products of years of Glas-Col research in the 
development of safe, dependable heating equip- 
ment for pilot plant and laboratory use. Nothing 
has been overlooked for the safe operation of this 
equipment. Both new units have a beautiful anod- 
ized aluminum housing which holds six flasks. 
Tops are made of a resilient cork-like material to 
help prevent accidental mechanical flask breakage. 
Heating units can be individually replaced, if 
severely damaged by spillage of chemicals, at 
reasonable cost. 


Soxhlet Heating Mantle 


Since flammable solvents are most always used 
in Soxhlet extractions, this new heating mantle 
has been designed with utmost safety in mind. It 
utilizes Powerstat type control and is provided 
with rugged 3-wire cord, one wire grounded to 
housing. 


SPECIFICATIONS 
Catalog No. SOX-500 
SHON HOUR vcs ccc ccacdvacccscvuevi ak coaeneneatan 500 mi 
Pen OU ONUE. cccah acu daccasceats 250 watts, 115 volts 
Pe sicss oaks sa ax Potae Reales Ode deals oar ee eee $285.00 
Replacement heating elements.............. $9.50 each 


Prices for other sizes on request. 
Wire, write, or phone today for complete details. 


Glas-Col Apparatus Company 


Dept. SC, 711 Hulman Street, Terre Haute, Ind. 

World’s largest manufacturer of heating mantles for 
laboratory, pilot plant, and production applications. 
U.S. Patents .. 2,282,078 .. 2,739,220 . . 2,231,506. . and 2,739,221 
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APPLICATION FOR HOTEL RESERVATIONS 
128th AAAS MEETING 
Denver, 26-31 December 1961 


The hotels for the AAAS Denver meeting have established special, low rates and have reserved appropri- 
ately large blocks of rooms for this meeting. —Thus everyone making room reservations for the AAAS meeting is 
assured substantial savings. 





The list of hotels and the reservation coupons below are for your convenience in making your hotel reser- 
vation in Denver. Please send your application, not to any hotel directly, but to the AAAS Housing Bureau 
in Denver and thereby avoid delay and confusion. The experienced Housing Bureau will make assignments 
promptly; a confirmation will be sent you in two weeks or less. 

If requested, the hotels will add a comfortable rollaway bed to any room, at $3.00 per night. Mail your 
application now to secure your first choice of desired accommodations. All requests for reservations must give 
a definite date and estimated hour of arrival, and also probable date of departure. 





AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


For a list of the headquarters of each participating society and section, see page 197, Science, 21 July. The Hilton is the 
AAAS headquarters hotel. 


Rates for Rooms with Bath* 
Single Double Double Twin Beds Twin Beds Studio 


Hotel for one’ for one’ for two for one for two Twins Suites 
Hilton $8.50 $10.00 $14.00 $14.00 $15.00 $27.00 to $55.50 
Brown Palace 8.00 9.00 13.00 $10.00 15.00 24.00 to 65.00 
Cosmopolitan 8.50 9.00 13.00 10.00 14.00 25.00 to 60.00 
Shirley Savoy 7.50 10.00 9.00 12.00 25.00 to 40.00 











* All rooms are subject to a 2% Colorado State sales tax. 


AAAS Housing Bureau 
225 West Colfax Avenue Date of ApplicaHon\. os o5s5 +256 ree boned Sa cee eee 
Denver 2, Colorado 


Please reserve the following accommodations for the 128th Meeting of the AAAS in Denver, 26-31 December 1961: 


TYPE OF ACCOMMODATION DESIRED 


Singie Room. .. oi <50:55 5 Double-Bedded Room .......... Twin-Bedded Room ........... Studio “TWis  .i.66 cess 
BOC sore; 5 io whi owre Ree PESTO IRR cision eae cate weale oye Cs Maximum Rate i355’ si5)0i5/5 sistew Ae aoranp ie blpolern ee sree onsen ie poate 
Namber in party 2... cee. -o,  ORATENPCH18 POO WALL DES oo oic &o,.cceseu sapiens yeaa Peet oes ON Aa een PRR eke careers 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


Cw mee mee wwe eee EEE HEHE HEHEHE HEHEHE EEE HEHE EEE HEHE EEE SESE EEE HE SHEET HEEH EEE EEE EEE HES HESS EEE EEE ESE SEES EE EEEES 
ee ee ee ee ee ee ee ee a ee ee 
ee 


ee eee eee ee ee | 


ee ee ee ee ee 


ADDRESS 


(Street) (City and Zone) (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
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NEW, VERSATILE LABORATORY AIDS... 
THAT SAVE TIME AND LABOR! 








The VARIGRAD 


VARIABLE GRADIENT MIXER 
FOR CHROMATOGRAPHY 


A unique apparatus FOR 

PRODUCING PRECISELY-CONTROLLED 

AND REPRODUCIBLE GRADIENTS 

Developed at the National Institutes of Health 

@ Makes small changes in specific portions of an elution 

gradient to improve resolution in certain regions of 
chromatograms. 


® Presents gradient data for duplication in any laboratory. 


@ Single apparatus can be used to supply identical gra- 
dients simultaneously to several columns. 


@ Any number of independent gradients of different 
molecular or ionic species can be produced simultane- 
ously. 





THE MOST COMPLETE AND FLEXIBLE 
APPARATUS AVAILABLE for 


Zone Electrophoresis 


with PAPER, STARCH, AGAR and 
almost all other known media! 

One basic migration chamber can be adapted to 
all media * Full line of D.C, power supplies * Agar 


cutters for preparation of . ~ 
immuno slides. Se <= esas 

















Send for Bulletin 
$-3-1000 for 
complete information 


FOR AUTOMATIC ULTRAVIOLET 
MONITORING OF 
CHROMATOGRAPHIC ELUENTS 


UVISCAN 


CONTINUOUS FLOW UV MONITOR 
For Use with all Fraction Collectors 


UVISCAN makes possible speedier identification of 
compounds with great accuracy and automatically in- 
dicates, on a recorded chart, the test-tube in which 
the desired compound is contained 





* Amplifier yields signal from 0.05 to 4 Optical Den- 
sity. Easily accessible Flow Cell with adjustable light- 
path from 1 to 10 mm. * Minimum volume 0.125 ml. 
* High Stability, During 24 hours the baseline will 
temain constant within 0.5 mv. * Wave Length from 
240 to 280 millimicrons * ‘Linear or Logarithmic Re- 
corders available, 


—, 
















aboratory Aids 
ROTARY EVAPOMIX 
CHLORIDOMETERS 


Other Buchler L 


FLASH EVAPORATORS 
WATER BOOSTERS 


enn 
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Send for Bulletin $-3-5000 


LABORATORY APPARATUS 


PRECISION INSTRUMENTS 


Refrigerated 


... the mobile cold- 
room, refrigera- 
ated from column 
to collecting tubes 
--.On casters... 
glassware and 
turntable tempera- 
ture-controlled. 


OTHER MODELS (for 
every program and 
budget)include 
CONTINUOUS (for 
long-term or over- 
night use) and 
SECTIONAL (for 
processing during 
fraction collecting). 











Send for Bulletin S-3-6000 
for complete information 










The MICROPUMP jf 


Regulates flow of solvents 
through chromatographic columns 
at a pre-set constant volume. 


Features: 


@ CONSTANT FLOW RATE of buffer solution 
@ ADJUSTABLE VOLUME from 25 ml to 950 mi/ 


hour 

@ ALL COMPONENTS, which are in contact with 
the solvent, are made of teflon or glass 

@ Designed for CONTINUOUS DUTY 

@ EXCEPTIONALLY LOW COST 


Send for Bulletin $-2-6000 
for complete information 


For direct insertion 
of liquid samples 
without paper or 
starch granules. 


® Samples can be re- 
solved into more 
zones than with paper 
electrophoresis with- 
out overlapping of 
components. 

@10 samples, 0.040 
to 0.045 mi can be 
processed simultane- 
ously, or 1.6 ml ina 
single slot. 

®@ Special lucite stand 
to fit in refrigerator. 





for complete information 


FRACTION COLLECTORS 





Send for Bulletin S-3-4000 
for complete information 









STARCH GEL VERTICAL 
Electrophoresis Apparatus 








Send for Bulletin S-3-1070 
for complete information 





GUCHILES 
LUSTRUMENTS 


BUCHLER INSTRUMENTS, INC.| 


514 West 147th Street, New York 31, N. Y. 
ADirondack 4-2626 
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PHOENIX 


MODEL K-8000 








Amino Acid Analyzers 


MODEL VG-6000 


A COMPLETE INSTRUMENT LINE 
FOR 
AUTOMATIC ANALYSIS 
OF AMINO COMPOUNDS. IN 


Protein Hydrolysates 


Protein free plasma and other 


Physiological fluids 
e Tissue extracts 

e Hydroponic solutions 
e Foods 

e Culture media 

e Pharmaceuticals 


e Adaptable to Phoenix 
Stream Splitting System 5500 


Sensitivity: 0.1 to 3.0 micromoles of amino 
acid with a precision of 100 + 3%. Useful 
results at even lower levels. 


Phoenix offers a complete line of components, replacement 
parts, and accessories for use with the Spackman-Stein-Moore 


Amino Acid Analyzer System, as described 


in Analytical MODEL VG-6000-B 


Chemistry 30, No. 7, pages 1190-1206 (1958) and the 


Variable Gradient Analyzer System as described by Dr. Karl 
A. Piez and Louise Morris in the November 1960 issue of 
Analytical Biochemistry. For complete details, 


Dept. K, Philadelphia 40, Penna. 


MODEL 5400 


RECORDING FLOW-PHOTOMETER 
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COMPONENTS ALSO AVAILABLE SEPARATELY 


write Phoenix B HH 
Precision Instrument Company, 3803-05 N. Sth Sak, FOR BENCH-TYPE ARRANGEMENT, AS SHOWN BELOW 





BAldwin 8-7417 





e CABLE PPICO 


PHOENIX PRECISION INSTRUMENT COMPANY 
3803-05 NORTH FIFTH STREET © PHILADELPHIA 40, PA. 
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We make and mark amino acids. When 


ever you need isotopically labeled 


Rs.) y, amino acids or derivatives, we can supply 
= eh them tagged with 0’, N'°, 0", and $°°. 
Our tritiated-L-histidine, tyrosine, and 


proline are the only optically pure 
tritiated L-amino acids commercially 
available. Write for specific information. 


<g> SCHWARZ BIORESEARCH, INC. - Dept. 10 JB - Mountain View Avenue, Orangeburg, N. Y. 


BIOCHEMICALS - RADIOCHEMICALS + PHARMACEUTICALS for research, for medicine, for industry 
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Automation revolutionizes 
standard analytical methods 


These instruments make a radically new 
approach to classical analytical chemistry. 


WHAT they do is not new . 
HOW they do it is revolutionary. 


Both instruments perform standard combustion 
analyses for nitrogen and carbon-hydrogen... 
but they are COMPLETELY AUTOMATED. 


This, for most of us, is revolution enough! 


The Nitrogen Analyzer burns the sample and 
selectively absorbs the combustion products, 
except Nitrogen. Nitrogen is collected in a 
micrometer-driven syringe providing direct vol- 
ume readout in microliters. 


The Carbon-Hydrogen Analyzer performs a sim- 
ilar operation. It collects the combustion prod- 
ucts of hydrogen (as water) and carbon (as 
carbon dioxide) in separate absorption tubes 
which are weighed after each analysis. 


Both instruments provide vast improvements in 


reproducibility over traditional methods... 
variations in operator technique are eliminated 
as a source of analytical error. 


Other important benefits common to both instru- 
ments: 


SPEED— instrument operating cycle is only 
8 minutes. 


ACCURACY-—results of routine nitrogen 
and carbon-hydrogen determinations agree 
with theoretical percentages +0.2%. 


ECONOMY —each instrument takes only 18 
inches on laboratory bench. 


VERSATILITY —Sample sizes range from 1 
to 100 mg; sample substances include virtu- 


ally all homogeneous materials that burn 
below 1100° C. 


Put automated combustion analysis to work in 


your laboratory .. . ask your instrument dealer 
for a demonstration. 


Write for Bulletins SB-258 and SB-273 


Onder and bimplificilion ane the fil alee wand mail , A any Acionce « 


Mes: 


O50 F020) OS ie Om ee Oe i ee Oe Onn) © 4a COR OR Dum @ Fe fe BOR 
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@ World-wide use by scientists, teachers at all levels, and science-oriented readers 


e Continued enthusiastic acceptance of new books in the series 
e 1,100,000 copies now in print (U.S. & Canada) 


e 13 foreign language editions 


Here are the two newest volumes in this unique paperback series 


sponsored by the Physical Science Study Committee— 


NEAR ZERO: 
The Physics of Low Temperature 
Dr. D. K. C. MacDonald, National Research Council of Canada. A fascinating glimpse of an 
increasingly important research tool in nuclear physics, chemistry and other sciences. Dr. 
MacDonald explains how and why the physicist seeks but cannot reach absolute zero; explains 
why lower temperatures enable scientists to study atomic structure more efficiently. 12 draw- 


ings, 8 photographs. 


$20 95¢ 


SHAPE AND FLOW: 
The Fluid Dynamics of Drag 


Ascher H. Shapiro, M.1.T, A basic introduction to fluid dynamics, illustrating fundamental 
concepts with many photographs of experiments and demonstrations. With a clear account of 
the governing physical principles of resistance to motion in fluids. 93 photographs. S21 95¢ 





THE NEUTRON STORY 


Donald J. Hughes. ‘Rare clarity and simplicity.” 
—N. Y. Herald Tribune. 158 pp. 38 illus. $1  95¢ 


MAGNETS: The Education of a Physicist 


Francis Bitter, M.I1.T. “A masterpiece . . . com- 
bination of autobiography and popular science 
exposition.”—B. ALDEN THRESHER, Chairman, 
CEEB. 155 pp. 27 illus. $2 95¢ 


SOAP BUBBLES and the Forces Which Mould 
Them 


C. V. Boys. “Superb classic.’”-—DEREK J. DE SOLLA 
PRICE, Yale University. 155 pp. 69 illus. S3  95¢ 


ECHOES OF BATS AND MEN 


Donald R. Griffin, Harvard University. ‘‘Thor- 
oughly scientific, but more fascinating than most 
novels.”,-—GEORGE GAYLORD SIMPSON. 156 pp. 15 
illus. S4 95¢ 


HOW OLD IS THE EARTH? 


Patrick H. Hurley, M.1.T. “Highly readable, 
stimulating, authoritative.’”—EDWARD H. WATSON, 
Bryn Mawr College. 160 pp. 35 illus. S5 95¢ 


CRYSTALS AND CRYSTAL GROWING 


Alan Holden, Bell Telephone Laboratories, and 
Phylis Singer. “A lucid penetrating introduction 
to solid state physics.”—Science. 320 pp. 210 
illus. 13 color plates. S7 $1.45 


THE PHYSICS OF TELEVISION 


Donald G. Fink, Philco, and David M. Lutyens. 
“A masterwork of selection and condensation.” — 
N. Y. Herald Tribune. 160 pp. 48 illus. S8 95¢ 


WAVES AND THE EAR 


William A. Van Bergeijk, John R. Pierce and 
Edward E. David, Jr., Bell Telephone Labora- 
tories. “Exceptionally comprehensive.”—Tech- 
nology Review. 235 pp. 70 illus. $9 95¢ 


THE BIRTH OF A NEW PHYSICS 


I. Bernard Cohen, Harvard University. “Out- 
Standing . . . the development from Copernicus 
to Newton of the single most important idea in 
physics.”"—Scientific American. 200 pp. 42 illus. 

$10 95¢ 
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Previously published titles you’ll want to order 


HORNS, STRINGS, & HARMONY 


Arthur H. Benade, Case Institute. “Twin threads 
of musical understanding and basic physics weave 
a fascinating fabric.’—American Journal of 
Physics. 271 pp. 76 illus. Sil 95¢ 


THE RESTLESS ATOM 


Alfred Romer, St. Lawrence University. ‘Clearly 
written, exciting.” —Science. 198 pp. 31 illus. 
$12 95¢ 


MICHELSON AND THE SPEED OF LIGHT 


Bernard Jaffe. ““A rich supplement to the study 
of light and optics.”-—The Science Teacher. 197 
pp. 14 drawings, 6 photographs. S13 95¢ 


THE UNIVERSE AT LARGE 


Hermann Bondi, University of London. Analyzes 
current theories on the nature of the earth, stars 
and universe. 154 pp. 52 drawings, 12 photo- 
graphs. S14 95¢ 


PASTEUR AND MODERN SCIENCE 


René Dubos, Rockefeller Institute. “A detailed, 
fresh approach.”—Science. 159 pp. S15 95¢ 


Available at your bookstore or from 


-- Christian Science Monitor 


n SCIENCE STUDY 
Px SS E Fe i = Ss “A landmark in science education.” 




















THE WATERSHED: A Biography of Johannes 
Kepler 


Arthur Koestler. “A great book . . . which no 
student of science or history can afford to post- 
pone reading.”—Science. 280 pp. 9 drawings, 8 
photographs. S16 95¢ 


ACCELERATORS: Machines of Nuclear Physics 


Robert R. Wilson and Raphael Littauer, both of 

Cornell University. ““A fine example of the excel- 

lence of the series.”—Science. 196 pp. 52 illus. 
S17 954 


WATER: The Mirror of Science 


Kenneth S. Davis and John Arthur Day, Linfield 
College. Examines HeO from the viewpoints of 
physicist, chemist, biologist and geologist. 195 
pp. 28 illus. S18 95¢ 


THE NATURE OF VIOLENT STORMS 
Louis J. Battan, Univesity of Arizona. Surveys 


the cloud physics involved in thunderstorms, tor- 
nadoes, hurricanes, etc. 195 pp. 32 illus. S19 95¢ 





DOUBLEDAY & COMPANY, INC. 
Dept. 1-JE-10, Garden City, New York ‘ 
C) Please send me ....... sets of all twenty Science Study Series books now available, 


at the special price of $19.00 per set. 


(0 Please send me the Science Study Series titles circled below: 
S7 S8 so $10 S11 


$1 S2 $3 S4 SS 











$12 S13° S14 «S15 S16 


S17 $18 $19 $20 $21 
NAME 
. ADDRESS 
CITY ZONE STATE 
CD Bill me, plus shipping charges. 


shipment by publisher. 


' ee, 8 & Aes by (€ check [J money order is enclosed for prepaid 








Mono-Mol (<125 pg/cm?) Windows... 


Exceptional Plateau Characteristics... 


Plug-In Construction 


The new Tracerlab FD Series Mono- 


(A) 





Mol Window Flow Counters operate in a 
variety of counting modes with your 
choice of counting gas. Excellent plateau 
characteristics insure a constant counting 
rate. Mono-mol windows, the world’s 
thinnest windows, permit passage of all 
but the weakest particles. Plug-in con- 
struction simplifiés operation. 


= 


(C) = 


geiger 


The basic counters are available in 1” 
or 2” models and both operate in the 


region with standard Tracerlab 


G-1 gas, or in the proportional region 
with argon methane G-2 Gas, pure 
methane or natural gas. 

Construction is all plastic to minimize 
background and cathodes are deposited 
stainless steel. 

A glance at the operating specifications 
of the new Tracerlab Flow Counters will 
show you why these low cost, long last- 
ing, extremely efficient units belong in 
your sample counting system. 


SPECIFICATIONS THIN WINDOW FLOW COUNTERS 





Exploded view of the FD Series Flow 
Counter showing (A) Counter Shield 








(B) Plug-in Flow Counter (C) Snap- 





On Window. 




















Tracerlab — 


( 
\ 





ee) 

















Jirst in radiation measurement 











J) 1610 Trapelo Rd., Waltham 59, Mass, 
2030 Wright Ave., Richmond, Calif. 























Model Operati Required Operati Plateau 
No. on Ges couteaty Voltage, Background Leneth | po~ spall 

FD-1* Geiger G-1 .25V 1450V + 150 <12 c.p.m. 300V <2%/100V 

FD-2** Geiger G-1 .25V 1450V + 150 <30 c.p.m. 300V <2% 

FD-1 Prop. G-2 a 10 mv 2200V + 500 | a < 6¢.p.h. 1000V <2% 

B ilmv 2300V + 200 | 8 <12c.p.m. 400V <2% 

FD-1 Prop. Pure a 10 mv 3500V + 500 | a < 6c.p.h. 1000V <1% 

Methane 810 mv 4500V + 500 | 8 <12c.p.m. | 1000V <1% 

FD-1 Prop. Natural a 10mv 4000V + 500 | a < 6¢c.p.h. 1000V <2% 

Gas B10 mv 4700V + 300 | 6B <12c.p.m. 400V <2% 

FD-2 Prop. G-2 a 10 mv 2200V + 500 a <12 c.p.h. 1000V <2% 

8B lmv 2300V + 200 | 8 <30c.p.m. 400V <2% 

FD-2 Prop. Pure a 10 mv 3000V + 500 | a <l2c.p.h. 1000V <1% 

Methane 810 mv 4500V + 500 | 8 <30c.p.m. | 1000V <1% 

FD-2 Prop. Natural a 10 mv 4000V + 500 | a <12¢.p.h. 1000V <2% 

Gas 810 mv 4700V + 300 | 6 <30c.p.m. 600V <2% 
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*FD-1 1” Super/thin Window Flow Counter 


**FD-2 2” Super/thin Window Flow Counter 
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INDUSTRIAL BALANCE 
Capacity 5 Kg. Sensitivity 0.5 Gram 






HARVARD TRIP BALANCE 
Capacity 2 Kilo. Sensitivity 0.1 Gram 
r y 


HEAVY DUTY SOLUTION BALANCE 
Capacity 20 Kg. Sensitivity 1 Gram 





DIRECT READING 
MOISTURE DETERMINATION 


TRIPLE BEAM BALANCE 
Capacity 2610 Gram, Sensitivity 0.1 Gram 


FOR COMPLETE CATALOG WRITE: 


OHAUS 











If you require ultra-sensitivity in 
your analyses of organic compounds, 
consider the advantages of F & M’s 
Model 609 Gas Chromatograph with 
flame ionization detector. It offers 
parts-per-billion sensitivity. (Typical 
sensitivity for a light hydrocarbon is 
5 to 50 ppb.) Yet, neither water nor 
air gives a signal. For these reasons, 
the Model 609 is ideal for reliable 
analyses of (1) trace components in 
complex mixtures and (2) trace 
organic materials in air or aqueous 
solutions. 

In analyses of wide boiling mix- 
tures, the Model 609 can be oper- 
ated with programmed temperatures 
up to 300°C (with a choice of 18 
linear heating rates from 0.23 to 
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35°C/min). Or, the instrument can 
be operated isothermally. 

Packed analytical columns with 
lengths up to 50 feet can be used 
with the Model 609. Also, adapters 
are available for capillary columns. 
Other features of this instrument 
include (1) attenuation from 1 to 
1,000,000; (2) line-operated elec- 
trometer; (3) independent heating 
of column, detector, and injection 
port. 


F & M SCIENTIFIC CORPORATION 


Starr Road and Route 41 + P. 0. Box 245 
Avondale, Pennsylvania « COlony 8-2281 


F & M’s 


MODEL 609 


GAS 
CHROMA TOGRAPH 
OFFERS PARTS- 
PER-BILLION 
SENSITIVITY 
FOR 


RELIABLE 


CHEMICAL 


ANALYSIS 


Write today for further informa- 
tion about this versatile, reliable gas 
chromatograph. 


w= See the Model 609 


and other F & M gas 
chromatographic instruments on dis- 
play at the Eastern Analytical Sym- 
posium, New York City, November 
15-17 (Booth 45). 
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“Porter-Blum” 
ULTRA-MICROTOME' 


+Patented 





ALSO CUTS COSTS! 


The “Porter-Blum” is the inexpensive precision 
instrument for electron- and light-microscope 
preparations. This ultra-microtome, known as 
“the standard in its field,” will cut serial sections, 
or alternate thin and thick sections, of the highest 
uniformity and at the lowest possible cost. Its 
purchase price is below what you would expect to 
pay for an instrument of this quality, and its re- 
nowned trouble-free operation keeps maintenance 
costs to a minimum even under constant use. 


The “Porter-Blum” will section a wide range of 
difficult materials such as bone, teeth, soft met- 
als, plastics, fibers, hard rubber, etc., as well as 
all types of biological and plant tissues. Finger- 
tip control permits “dialing” required thicknesses 
from 1/2 to 1/40 micron. The unique “by-pass” 
feature enables the operator to cut sections thick- 
er than 1/2 micron when desired. Before you pur- 
chase any ultra-microtome, investigate the quality 
and economy available with the “Porter-Blum,” 


Please ask for Bulletin SC-10MT 


Iwan Sorwall, Ine. 


Norwalk, Connecticut 
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Autoclave 


__ PINPOINT 
a TEMPERATURE 
CONTROL... with the 


new Orthomatic Laboratory 




















Never before has there been such a versatile laboratory autoclave as 
Castle’s new Orthomatic! 


With Orthomatic you can pinpoint the exact sterilizing temperature 
best suited to any given process. Temperature settings between 100- 
132°C. are made in seconds right on the sterilizer control panel. 
Supplementary controls may be added for temperatures down to 71°C. 


In addition, Orthomatic High-Speed Jet Heating will save your labora- 
tory hours in the preparation of test glassware, allow successful proc- 
essing of heat-sensitive media, and permit an automatic programming 
of sterile cycles and a uniformity of repetitive test conditions which 
cannot be duplicated. 


Orthomatic sterilizers are available for every hospital department. 
Write for full details. 


Castle LIGHTS AND STERILIZERS 


WILMOT CASTLE CO., 8010 E. HENRIETTA RD., ROCHESTER 18, N. Y. 
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CES : 


Castle Engineered Ster- 
ilization can help you 
solve your sterilization 
problems . . . utilizing 
the latest in dry heat, 
steam and gas. 
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NIKO! 





model 6 


OPTICAL 


CO! 








ATOR 


for fast, accurate evaluation of 
ultracentrifuge photo plates 


A major pharmaceutical manufacturer recently investigated the use 
of a Nikon 6 Optical Comparator for measuring and analyzing 
ultracentrifuge photo plates. The performance was so impressive, 
the unit was immediately purchased and added to the company’s 
instrumentation facilities. The news travelled. 


Within less than a month, a Nikon 6 Comparator was acquired by 
a large hospital, and shortly thereafter, by several other hospitals 
and by a food research laboratory. The Comparator, in each 
instance, demonstrated a marked superiority over equipment pre- 
viously used—greater speed and convenience, and greater accuracy. 


The Nikon 6 Optical Comparator is essentially a macro projector 
with a magnification range from 10x to 100x—extendable to 500x. 
Any object, thing, substance, specimen, photo plate or slide placed 
upon the stage, appears on its 12” screen as a sharp, bright, magni- 


— 





special Nikon holder 
for ultracentrifuge plates 
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fied image, which can be observed by many people simultaneously 
—studied, evaluated and precisely measured. And all of this can 
be done comfortably in a normally lit room. The Model 6 Com- 
parator is provided with surface as well as sub-stage illumination. 


New laboratory applications for the Nikon 6 Comparator are 
being constantly reported. In addition to the analysis of ultracen- 
trifuge data, its use has been extended to many phases of chroma- 
tography, evaluating fringe patterns and reading electrophoresis 
photo plates and cells. 


You may have an inspection or measurement problem which lends 
itself to the unique capabilities of the Nikon 6 Optical Comparator. 
Why not tell us about it. Write to Dept. S-10. 


ee55) NIKON INC., INSTRUMENT DIVISION, 112 Fifth Ave., N. Y. 3, N. Y. 
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ANEW 
APPROACH 


To Precise 

Measurement Pex ow 
of Radioactivity a ) : = 
In Gas 
Chromatography 











The Packard Model 830 Tri-Carb® Gas Fraction Collector 

| enables quantitative collection of individual organic com- 
| ponents in a gas chromatographic effluent stream. Precise 
measurement of radioactivity in component peaks can be 
te made after collection. 

An 8” diameter turntable holds up to 50 Tri-Carb Car- 
tridges, each packed with silicone-coated scintillation crys- 
2. 28 8 tals. Vapors leaving the gas chromatography mass detector 
| LINOLEATE | pass through the heated gas injection nozzle of the collector 
! and condense on the coated surfaces of the scintillation 
crystals. As the operator observes the beginning and com- 









OLEATE aca pletion of each peak on the mass detector trace, he actuates 
a control switch to change cartridges. Changing takes only 
STEARATE ad a fraction of a second. 





r After sample collection, the cartridges are placed in posi- 
Bee ie tioning adapters in an Automatic Tri-Carb Liquid Scintil- 
lation Spectrometer for completely automatic counting. No 
| sample preparation is necessary and up to 100 samples can 
: PaLwirare Ss aa a be handled at one time. ; 

Counting efficiency for carbon-14 in Tri-Carb Cartridges 
ta] is over 50%. Backgrounds for these cartridges in the Tri- 
| Carb Spectrometer are extremely low—less than 5 cpm. 
, Consequently, even’ peaks with very low activity can be 
bea] accurately measured in short counting periods. 

i Vind The Packard Model 830 Tri-Carb Collector is suitable 
; ; for use with any gas chromatograph using a nondestructive 

Typical gas chromatogram trace showing mass peaks of fatty detecti t 

acid methyl esters. Superimposed on the mass trace, the bar MASS COVSCHON SYS. : 

graph indicates no radioactivity in any of the unsaturates. For information call your Packard Sales Engineer —or 

write for descriptive literature. 














} iH 
MYRISTATE | 
mannered raemanconnine wmv fen ~ * 


; 

i 
LAURATE 

' 


INSTRUMENTS FOR RADIOACTIVITY MEASUREMENT AND CHROMATOGRAPHY 


BRANCH OFFICES 
a Cc k F> | rd CHICAGO * ALBUQUERQUE + ATLANTA + BOSTON « DALLAS 


LOS ANGELES * NEW YORK «+ PHILADELPHIA + PITTSBURGH 
SAN FRANCISCO «+ WASHINGTON, D.C. * ZURICH +» HANOVER + PARIS 





PACKARD INSTRUMENT COMPANY, INC. 
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The Other Fellows’ Ball Park 


There is an old saying that when one goes to play ball in the other 
fellows’ ball park, it is incumbent upon him to learn the others’ ground 
rules. There is no use protesting about these rules or asking that they be 
altered. The reasonable course is to find out what they are and proceed 
accordingly. 

In the same way, the scientist entering into the affairs of government, 
and into the political arena, has the duty— if he is to be fully effective— 
to find out how men in this arena actually function. It is not sufficient 
for him to criticize their methods, and it is fatal if he take the point of 
view that he is now in a section of society which is governed by rules 
less ethical or less advanced than his own. We live under a democratic 
system. An essential feature of this system is the means by which men 
acquire and maintain political position and authority. These means in- 
volve a thorough understanding of human nature and of mass reactions. 
Many men in political life are masters of this art. And in the large ma- 
jority they are also devoted to the welfare of their country. As a result 
we have éffective working of the democratic system as far as efficiency in 
government is possible. The democratic system creaks at its joints, it 
wastes time and money, it bases its decisions more on subtle influences 
than on rational logic, and it often irritates those who are accustomed to 
more orderly and systematized functioning. But it just happens that the 
democratic system with all its faults is the best system of government ever 
devised by the mind of man. Scientists today are privileged to participate 
in this whole affair to an extent never before true in this country, and it 
is certainly incumbent upon them to understand and indeed to sympa- 
thize with the local ground rules which govern the ball park in which 
they are now exercising important influence. 

I have seen great damage done to the whole scientific community by 
the eminent scientist who, appearing before a congressional committee, 
made evident his general contempt for the individuals before whom he 
appeared, and who talked to them as he would to a group of school boys. 
Fortunately, in the years since the War, scientists have matured in this 
regard and this does not now occur. 

We need now to go beyond this in our thinking. As scientists and engi- 
neers we nevertheless regard with admiration and respect the subtle func- 
tioning of a medical man in a difficult case, not relying upon the science 
which underlies his art, but relying upon the art itself, who rescues a 
patient from an obscure source of distress. We admire and respect also 
the artist who, knowing very little about the physics of color or of light 
reflections, produces a work of art that stirs emotions or revives long-for- 
gotten memories. In the same way we need to learn to respect, in fact to 
admire, those individuals who are masters of the art of operating in the 
confused arena of the Américan political scene, especially when this 
subtle undefinable skill is joined with a broad altruism. In fact, if scien- 
tists are to have their full influence for the good of the country in the days 
to come, many of them will indeed need to learn to practice this difficult 
art.—VANNEVAR BusH, Massachusetts Institute of Technology. (Excerpt 
from an address read at the 15th National Congress on the Administration 
of Research, San Juan, Puerto Rico, 10 Oct. 1961) 











StereoZoom Microscopes show the most understandable images 

of the specimen you’ve ever seen. You see it magnified naturally, in three 
dimensions, upright and unreversed. You see it in depth, with the 
details of its structure in their true relationship. 


»--and zoom to any 


magnification from 3.5X to 120X 


Just turn the zoom knob. That’s all there is to it. 
Instead of a few arbitrary fixed powers you have 
an infinite number of repeatable magnifications 
throughout the entire range of the instrument. 
(Available from 3.5X to 120X.) See the specimen 
better than ever before ...in magnifications you’ve 
never seen before! 


BAUSCH & LOMB INCORPORATED 
75922 Bausch Street, Rochester 2, N. Y. 


C) Please demonstrate StereoZoom Microscopes. 
C) Please send Catalog D-15. 


NAME, TITLE 





PROFESSIONAL 








=——— ee I 








BAUSCH & LOMB — 
Dieile tk Aiertas Mra eta Decmdek Chaar. Le i ee ees ces wee ds sce ve 


” 


1164 SCIENCE, VOL. 134 











H 
at 


Lan cee ee ee me ee ee ee 


.. 134 





20 October 1961, Volume 134, Number 3486 


INSTRUMENTS AND TECHNIQUES 





New Frontiers of 


Astronomical ‘Technology 


Technological developments challenge 
the astronomer, both from the ground and in space. 


The principal tool of the astronomer, 
the telescope, is basically an instrument 
designed to gather the light of stars and 
other celestial objects and focus it with 
precision. Most celestial objects are in- 
trinsically very luminous objects, but 
they appear faint because of their great 
distances from us. The brightest star, 
Sirius, with an intrinsic luminosity 28 
times that of the sun, is approximately 
10,000 million (10) times apparently 
fainter than the sun. The faintest object 
detected with the 200-inch telescope, of 
23rd magnitude, is another 10,000 mil- 
lion (10) times fainter. The faintness 
and small angular size of celestial ob- 
jects (other than the sun and moon) 
set the unusual characteristics of astro- 
nomical instrumentation and research. 

Very little astronomical work is done 
today by looking through the telescope, 
except as this is incidental to the setting 
of the telescope on the desired region 
of the sky. In recent decades the astron- 
omer has worked principally with the 
photographic process to determine the 
positions, motions, and brightnesses of 
celestial objects. The photographic proc- 





The author is professor of astronomy, Steward 
Observatory and Lunar and Planetary Institute, 
University of Arizona, Tucson. This article is 
adapted from a lecture presented 2 March 1961 
at the joint meeting of the Pittsburgh Conference 
on Analytical Chemistry and Applied Spectroscopy 
and the Optical Society of America. At that time 
Dr. Meinel was astronomer on the staff of the Kitt 
Peak National Observatory, Tucson. 
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ess still represents a method of informa- 
tion retrieval unrivaled for pictorial 
display, as is evidenced by the photo- 
graphs from the 120-inch Lick and the 
200-inch Palomar telescopes, shown in 
Figs. 1-4. The most efficient emulsions, 
however, utilize only 1 percent of the 
incident light. In recent years certain 
astronomical observations, particularly 
those of the brightness of stars, have 
been made with greater precision and 
light efficiency by using photomultiplier 
cells such as the RCA 1P21 and EMI. 

The principal auxiliary instruments 
currently used by astronomers are the 
direct photography plateholder, the 
photoelectric photometer, and the spec- 
trograph. A spectrograph can reveal 
many interesting properties oi a star, 
such as temperature, mass, chemical 
composition, atmospheric _ structure, 
multiplicity, motion toward or away 
from the observer, and, indirectly but 
effectively, the absolute luminosity and 
hence the distance and even the age of 
the star. Other kinds of special equip- 
ment have been devised from time to 
time to measure special properties such 
as polarization of starlight and mag- 
netic fields of stars. 

Since the turn of the century the 
astronomer has pushed the telescope 
close to its maximum useful size. Four 
telescopes with aperture sizes of 100 
inches or more have been successfully 
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built. The 100-inch on Mt. Wilson was 
completed in 1919 and, in the hands of 
Hubble and Baade, did much to revo- 
lutionize astronomy. This was followed 
by the 200-inch on Mt. Palomar, com- 
pleted in 1947, and by the 120-inch on 
Mt. Hamilton, in 1959. The fourth, of 
104-inch aperture, is now being placed 
in operation in Russia. A giant of 240- 
inch aperture is reported under design 
by the Institute of Optics in Leningrad. 

Each new and larger telescope costs 
much in return for a relatively small 
gain in -distance reached and in new 
knowledge. In line with the times, we 
must look for a “new frontier” to ex- 
plore and develop (1). Thus, we can 
look for new methods enabling us to 
make better use of the starlight that is 
collected by our terrestrial telescopes, 
and we can also look to the new field, 
so challenging to astronomers, opened 
up by the development of aerospace 
technologies. 


Atmospheric Effects 


Telescopes have always operated un- 
der the handicap of an atmosphere that 
is opaque to most electromagnetic radi- 
ation, and that is constantly in motion. 
The various turbulences always present 
in the atmosphere are accompanied by 
thermal differences that make it impos- 
sible to focus a telescope to its theoret- 
ical angular resolution. In addition, the 
sky background is far from dark. Even 
in the absence of moonlight and far 
from the light of cities one can easily 
read the large-headline type of a news- 
paper by the light of the night sky. 
From the surface of the earth the stars 
are seen projected upon this faintly 
luminous background. It is this diffuse 
light of the night sky, in fact, that sets 
the limit in faintness to which a tele- 
scope can reach. 

The light of the night sky is from 
several sources, both terrestrial and ex- 
traterrestrial. The lower atmosphere of 
the earth scatters starlight (7 percent). 
The upper atmosphere contributes the 


airglow, or permanent aurora, as it is 
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Fig. 1 (top left). Crab Nebula, M1, in red light, taken with the 
Lick Observatory 120-inch telescope, 3 November 1959. Expo- 
sure, 30 minutes; 103aE2 + R61 plate and filter. [N. U. Mayall] 
Fig. 2 (top right). Region in Corona Borealis taken with the 
Palomar 200-inch telescope. Each of the diffuse or elongated 
objects is a separate galaxy. Exposure, 30 minutes; 103a-O 
plate. Fig. 3 (bottom left). Galaxy M33 in Triangulum, in blue 
light, taken with the Lick Observatory 120-inch telescope. 17 
September 1960. Exposure, 30 minutes; 103a-O plate. [S. Vasi- 
levskis] Fig. 4 (bottom right). Region at center left of Fig. 3, 
showing resolution of the galaxy into stellar images. The small 
images are of approximately 34 second of arc diameter. 
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sometimes called (40 percent). Both of 


these components will be eliminated in 
light viewed through a telescope located 
more than 500 miles above the earth. 
The remaining light comes from in- 
terplanetary, stellar, and _ interstellar 
sources. The interplanetary light comes 
from the scattering of sunlight by me- 
teoric dust and gas in the solar system; 
it is known as zodiacal light (average, 
20 percent). It usually appears bright- 
est in late twilight or early dawn, as a 
hazy band of light stretching outward 
from the sun along the ecliptic. The 
stellar light (20 percent) comes from 
faint stars and galaxies that are not 
resolved by the telescope as individual 
stars, since only the relatively. infre- 
quent high-luminosity stars can be seen 
separately as stars, even those in our 
own Galaxy. The last component, of 
interstellar origin, arises from the scat- 
tering of starlight by interstellar dust 
and gas (13 percent). Interplanetary, 
stellar, and interstellar light sources will 
still limit the operation of a telescope at 
orbital altitude. 

The total brightness of the night sky 
in its darkest regions, as seen through a 
large telescope, is approximately equal 
to a brightness of one 20th-magnitude 
star per square second of arc. It is ob- 
vious, therefore, that we cannot tolerate 
many square seconds of arc in our de- 
tector when we wish to observe a 23rd- 
magnitude star. When a 23rd-magnitude 
star is observed with one of the very 
large telescopes, the detector records 
approximately one photon count per 
second. Since the error of an observa- 
tion consisting of N events is equal to 
N', one must collect photons for 167 
minutes to measure the brightness of 
such a star to an accuracy of 1 percent. 
With so few quanta from celestial 
sources, the astronomer has four means 
of making gains: (i) increase the size 
of the telescope mirror; (ii) increase 
the efficiency of the detector; (iii) de- 
crease the aperture (sky noise) at the 
detector; and (iv) place the telescope 
above the atmosphere. 

The first alternative—building larger 
telescopes—has been considered. While 
it is within the scope of present-day 
technology to build a 400-inch telescope, 
the cost would be in the vicinity of $40 
million and the benefits are doubtful 
because of the limitations imposed by 
atmospheric “seeing,” unless a site with 
exceptionally fine seeing could be 
found. 

The effects of the terrestrial atmos- 
phere on an incoming beam of starlight 
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Fig. 5. Image orthicon camera developed by Livingston at Kitt Peak National Observa- 
tory. The orthicon is located inside a refrigerated box, with various test and operating 


auxiliaries on the front face. 


in the wavelength region of light trans- 
mitted by the atmosphere are twofold: 
(i) time fluctuations in the intensity of 
the wave front arriving at a given point 
at the telescope aperture, and (ii) time 
fluctuations in the direction of arrival 
of the wave front. The first effect is 
called scintillation and is readily seen 


with the unaided eye as twinkling. The 
second effect is usually referred to as 
“seeing,” since it affects the ability of 
a telescope, especially a large one, to 
focus sharply. Both effects are caused 
by the presence of irregularities in the 
index of refraction of the atmosphere. 

Research has now established that 





Fig. 6. Globular star cluster M3 in yellow light, taken at Kitt Peak 19 March 1961 
with a GL-7629 image orthicon. Exposure time, 8.5 sec. [Livingston] 
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Fig. 7. The sun, taken with the Stratoscope I system from an altitude of 80,000 feet; 
the theoretical resolution of the telescope was attained. 


scintillation effects arise high in the 
atmosphere, while the major seeing ef- 
fects arise close to the ground. To mini- 
mize these seeing effects, telescopes are 
now located, at no small inconveni- 
ence, on the summits of mountains in 
relatively undisturbed air. In the best 
sites, the average seeing-image diameter, 
for a large telescope, is between 1 and 
2 seconds of arc. Upon rare occasions 
the minimum seeing-image diameter 
may approach 0.3 second of arc; how- 
ever, this is still much below the theo- 
retical resolving power of a large instru- 
ment. As a consequence, a very large 
telescope can produce only a larger 
picture of the same blurred celestial ob- 
jects. Under these conditions the tele- 
scope only gathers more quanta per 
unit time, and the gain in signal to 
noise (N'/N) is proportional to the 
linear aperture of the telescope. Since 
the cost varies nearly as the 2.8th power 
of the aperture, the cost in terms of 
information gain is very high. 


Detector Efficiencies 


The second possible means of making 
gains is that of increasing efficiency in 
the detection of photons. The photo- 
graphic process has for many years 
been the chief detection method in 
astronomy. The process has a wide 
dynamic range, but relatively low fidel- 
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ity as far as intensity registration is con- 
cerned. The quantum efficiency of a 
photographic emulsion is low, ranging 
from 0.1 to 1 percent for the optimum 
use of the fastest emulsions. The dy- 
namic range and information retrieval 
of the photographic emulsion are re- 
markable. One photograph may record 
star images over a range of 20 magni- 
tudes (10°) and also record a million 
information elements per square centi- 
meter. Information densities up to five 
million per square millimeter are possi- 
ble under laboratory conditions. 
Improvement in the quantum effi- 
ciency of a detector thus promises a 
greater gain than does an increase in 
the size of the telescope, for the same 
expenditure. There is little basis for 
hoping that there will be large improve- 
ments in the photographic process itself, 


since individual silver grains are quite. 


good detectors. The quantum efficiency 
required for a single grain to be devel- 
opable, in terms of absorbed photons, 
is 25 percent; however, a single grain 
has a low absorption cross section. 
Moreover, one developed grain does not 
provide a detectable quantity. Only 
when groups of 20 to 100 grains are 
developed does one find a star as an 
entity on the background of random 
developed “noise” produced by fog- 
grain clumpiness. 

In recent years much effort has been 
devoted to the, utilization of the high 


quantum efficiencies (approximately 20 
percent) of the photoelectric - detector. 
The photomultiplier is a commercially 
available device of high efficiency that 
has been widely employed in astronomy 
and particle physics. The internal ampli- 
fication of .this device (10°) produces 
a measurable pulse for each photoelec- 
tron emitted from the cathode. The 
cathode will occasionally eject a thermal 
electron spontaneously as a consequence 
of the low work function of the cesium- 
compound emitting surface. These ther- 
mal electrons produce what is called the 
dark current, which adds a noise back- 
ground to the signal. A good photo- 
multipler at room temperature will have 
a dark current of 10 to 20 electrons 
per second per square centimeter of 
photo-cathode surface. Because the 
dark-current emission of electrons is 
temperature-dependent, the astronomi- 
cal use of photomultipliers is almost 
always at low temperatures. At Dry- 
Ice temperature (—80°C) a good 
photomultiplier will have a dark current 
of 0.1 to 0.5 electron per second per 
square centimeter. 

The photomultiplier is an excellent 
detector for the observation of a single 
object at a time. The output current is 
accurately linear over a wide range of 
intensities; hence, brightness can be 
measured with high precision. In prac- 
tice, the photoelectric photometer at- 
tached to a telescope isolates a single 
small region of the sky, containing the 
object, by means of a small diaphragm. 
In order to reduce the noise background 
of the sky in observing a faint object, 
this diaphragm is kept as small as the 
stellar seeing disk and guiding accuracy 
of the telescope will permit. Diaphragms 
as small as 0.1 millimeter have been 
used, but with brighter objects it is 
convenient to use a diaphragm as large 
as 5 millimeters in diameter. 

The photomultiplier, while very sen- 
sitive, has a slow information-recovery 
rate. At the faint limit of the 200-inch 
telescope, Baum (of Mt. Wilson and 
Palomar Observatories) has spent an 
entire night measuring a 23rd-magni- 
tude star in three broad wavelength 
bands. To use a single photomultiplier 
to successively examine more than a 
few hundred information elements to 
that faintness is, therefore, out of the 
question. If, for example, the photomul- 
tiplier is 100 times more efficient than a 
photographic emulsion, then one could 
retrieve information for 100 picture ele- 
ments in the time required for a photo- 
graph. In other words, one could not 
effectively exceed the information-re- 
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covery capability of a photographic 


‘emulsion with a scanning photomul- 


tiplier if many elements must be 
scanned. Nevertheless, when the ulti- 
mate in accuracy is desired, a photo- 
multiplier is often used, even if it is 
somewhat slower than a photographic 
plate. On the other hand, if one could 
use the sensitivity of the photo-cathode 
in an imaging device, much gain would 
result. 


Electronic Imaging Devices 


The electronic image tube is cur- 
rently under intense development as 
the first device to challenge seriously 
the information-retrieval properties of 
the photographic emulsion. The simplest 
form uses an electrostatic (or magnetic) 
lens to re-image accelerated photoelec- 
trons upon a recording surface. Some of 
the earliest image tubes have used a 
phosphor as the recording screen, which 
in turn is photographed. This device 
was used by Krassovsky (of the 
U.S.S.R.) in 1950 to observe the in- 
frared air-glow spectrum, a task im- 
possible with the photographic emulsion 
because of its very low sensitivity in the 
10,000-angstrom region. In recent years 
Hall and Ford (of Lowell Observatory) 
have used similar techniques with suc- 
cess; however, the phosphor is an in- 
efficient intermediate medium. 

Lallemande (Observatorie de Paris), 
Hiltner (Yerkes Observatory), and 
Kron (Lick Observatory) have in recent 
years successfully eliminated the phos- 
phor by imaging the photoelectrons di- 
rectly upon the photographic emulsion. 
The reduction in contamination of the 
photo-cathode by the photographic plate 
was one of the difficult problems faced 
in this technique; however, the device 
is now in a semioperational state. Re- 
cent research at Lick Observatory with 
the Lallemande-type tube on the 120- 
inch telescope has yielded new obser- 
vational results and a net speed gain of 
about 30 times that of a photographic 
plate. A modification by Hall (Lowell 
Observatory) and by Hiltner (Yerkes 
Observatory), using thin film windows 
of mica or aluminum oxide to lessen 
the contamination, has shown encourag- 
ing results. In these tubes the photo- 
graphic plate is plated in contact with 
the thin window to minimize electron 
scattering by the window. 

The image orthicon is a different ap- 
proach to the development of a more 
sensitive image tube, and this technique 
has been pioneered by Livingston (Kitt 
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Peak National Observatory), DeWitt 
(Vanderbilt University), and Spalding 
(General Engineering Laboratories, Sche- 
nectady) (Fig. 5). Their developments 
are based upon the high sensitivity and 
integrating properties of certain new 
types of image orthicons. The promise 
of this type of image tube is shown in 
the short-exposure photograph of a star 
cluster (Fig. 6) taken at Kitt Peak by 
Livingston. The use of these scanning 
systems is especially attractive for future 
applications, since electronic processing 
and information retrieval by telemetry 
are possible. 

A vast military technology has de- 
veloped for infrared detection (1 to 
20 ,»), which has not as yet been fully 
applied to astronomy. Strong (Johns 
Hopkins University) and Kuiper (Uni- 
versity of Arizona) have pioneered in 
the astronomical application of infrared 
techniques, and Sinton (Lowell Observa- 
tory) has extended this work, but much 
remains to be explored. The principal 
reason why infrared techniques have 
not been used more in astronomy is 
that the atmospheric transmission is 
highly variable in these spectral regions 
and detectors are inefficient to the ex- 
tent that only the most luminous ob- 
jects are within reach of a large tele- 
scope. 


Stratospheric Telescopes 


The third possible means of im- 
proving the operating efficiency and 
research potential of a telescope is to 
improve seeing conditions, thus de- 
creasing the seeing image of the celestial 
object and, in effect, increasing the 
resolution of the telescope. Much effort 
was expended in selecting the location 
of the Palomar and Kitt Peak obser- 
vatories to find a site with the best possi- 
ble seeing conditions. It does not appear 
that much can be gained in this respect 
in locating future telescopes as long as 
the terrestrial atmosphere is involved, 
although an exceptional site might pro- 
vide conditions twice as good as those 
at existing sites. Only when one can 
place his telescope above the atmosphere 
does the theoretical resolving power of 
a telescope become attainable. 

Balloon-borne telescopes offer the 
possibility of a major increase in the 
resolution of a telescope. At altitudes 
of approximately 80,000 feet there is 
essentially no seeing disturbance, even 
from direct sunlight on the telescope. 
While visual observations have been 


made from balloons by Dolfuss (Ob- 


servatorie de Paris), the first success- 
ful demonstration of high-resolution 
photography was made with the 12-inch 
Stratoscope I system by Schwarzschild 
(Princeton University). This unmanned 
photographic telescope has taken superb 
direct photographs of the sun, achieving 
the full theoretical resolution of the 
telescope (Fig. 7). The same balloon- 
borne stabilized. platform has _ been 
flown by Newkirk (High Altitude Ob- 
servatory), with a coronagraph to study 
the outer corona. 

At the present time the 36-inch 
Stratoscope II system, also developed 
by Schwarzschild, is nearing comple- 
tion (Fig. 8). This instrument is large 
enough to permit observation of planets, 
stars, and nebulas, and it is designed to 
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Fig. 8. The Stratoscope II system, which 
will carry a 36-in. telescope to 80,000 feet 
for night observations. 
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yield a guidance accuracy of 0.1 second 
of arc over extended periods, The size 
and complexity of this instrument are 
such, however, that a sizable support 
operation is required for launching and 
recovering the telescope. It is to be 
hoped that, as balloon-borne telescopes 
are developed, a permanent facility will 
be established so that astronomers can 
work with such instruments without the 
prodigious effort in systems develop- 
ment now required of individual astron- 
omers. 

Balloon astronomy, like the rocket 
astronomy of the last decade, can be 
viewed as an interim step, preliminary 
to the establishment of more permanent 
observing stations above the atmos- 
phere. From a vertical rocket probe 
one can glimpse the sky for only a 
few minutes on a flight, and at _pres- 
ent, the number of such flights is limited 
to three to six per year. In the case of 





balloons, one can expect observation 
time of a few hours per flight in three 
to six flights per year. The cost per hour 
of observing is indeed. high, but the 
return is also high, since the results of 
these operations will point the direc- 
tion of research with subsequent satellite 
telescopes. 


Space Astronomy 


The use of rockets in the last decade 
has led to the development of instru- 
ments to observe the sun spectrographi- 
cally from the 3000-angstrom atmos- 
spheric cutoff into the x-ray region. The 
beautiful far-ultraviolet spectra and 
Lyman-q photographs of the solar disk 
obtained by Tousey and his group 
(Naval Research Laboratory) are well 
known. The short observation time 
available on these flights has led to 


Fig. 9. The NASA-University of Rochester objective grating spectrometer for use in an 
Aerobee rocket. A, photocell; B, paraboloid; C, sky baffle; D and E, gratings; F, secondary. 
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major advances in instrument tech- 
nology. The development of the success- 
ful Aerobee pointing control by the 
Upper Air Laboratory at the University 
of Colorado, and the subsequent evolu- 
tion of stabilized pointing systems, made 
it possible to use the entire period of 
flight above the atmosphere for observa- 
tion. The parallel development of spec- 
trometers, image-forming spectrometers, 
special detectors, and filters has pro- 
gressed rapidly to a point where it is 
now possible to observe stars and 
nebulas. In a recent series of flights by 
Boggess (NASA) in 1960, observa- 
tions of stars were made, for the first 
time, with multicolor broad-spectral- 
region detectors. A subsequent flight by 
Stecher and Milligan (NASA), on 22 
November 1960, with spectrometers 
designed by the University of Rochester, 
yielded for the first time stellar spectral . 
energy distributions below 3000 angs- 
troms. The photograph of the spectrom- 
eter used on this flight (Fig. 9) 
illustrates the design problem posed by 
the weight and space limitations of 
rocket astronomy. 

The initiation of the Orbiting Astro- 
nomical Observatories (OAO) program 
by NASA now gives ground for hope 
that the astronomer will soon have 
telescopes of considerable size in orbit, 
providing extended periods of observa- 
tion. The most obvious gain to be had 
from a space telescope is, of course, 
accessibility to the ultraviolet. The 
short-wavelength region is of great inter- 
est to the astrophysicist. In fact, the 
absorption cross sections become so 
large that it appears that even the dilute 
interstellar atomic hydrogen must cer- 
tainly be opaque, over stellar distances, 
to radiations of wavelength shorter than 
912 angstroms. In the infrared one 
expects only very weak interstellar ab- 
sorption because of the presumed scar- 
city of molecules. If detector technology 
permits, the study of stars and of the 
interstellar medium in the infrared may 
bring surprising results. 

A less obvious advantage—one that 
cannot be realized'‘without further tech- 
nological development—is greater re- 
solving power. An orbital telescope can 
work at the theoretical resolving power 
of the optical system, since no seeing 
disturbance is present. Nidey and I (Kitt 
Peak National Observatory) have made 
system studies for high-resolution orbital 
telescopes. Given sufficient guiding ac- 
curacy, one could use diaphragms of 
very small angular size and increase the 
star-to-sky signal by many magnitudes. 
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Tf television devices of sufficient infor- 


mation-handling capability become 
available, then high-resolution photo- 
graphs of the planets and other celestial 
objects can be obtained. While we do 
not now know of many crucial astro- 
physical problems that depend pri- 
marily upon higher angular resolution 
for their solution, the attainment of this 
resolution may of itself open new re- 
search fields. Even satellite observations 
in the visual region may prove attrac- 
tive, in conjunction with observations in 
the other spectral regions. This possi- 
bility exists because an orbital tele- 
scope would enable the astronomer to 
plan and make a special observation, 
such as an observation of time-variable 
phenomena, at a predetermined time or 
for long periods of time, since neither 
weather nor considerations of daylight 
would interfere. Once per revolution of 
an OAO telescope a star will be occulted 
for 45 minutes, but as second-generation 
telescopes are developed, especially if 
they are. placed in high-altitude orbits, 
observations of most celestial objects 
will be uninterrupted. 


Space-Telescope Problems 


The principal problem that must be 
solved if space telescopes are to be 
effective is that of information retrieval. 
That telemetry will be exclusively em- 
ployed seems certain, since recovery 
of packages of data might well be pro- 
hibitively expensive and hazardous. A 
large number of information elements 
are contained in an astronomical photo- 
graph such as Fig. 3. A higher resolu- 
tion, and consequently more informa- 
tion elements per square second of arc, 
will make the information retrieval 
problem even more formidable. The 
solution may lie in either of two direc- 
tions. In the direct method, a slow-scan 
televison link and a high-sensitivity in- 
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tegrating image orthicon would be used. 
While Vidicon-type television tubes 
have been used in rocket and satellite 
instrumentation, they are relatively in- 
sensitive and could be used only for 
lunar and planetary work. “Ruggedized” 
image orthicons are under development 
for use in rockets and satellites. In the 
indirect method an intermediate record- 
ing surface, such as a photographic or 
xerographic film, would be used, and 
the picture would be subsequently trans- 
mitted by Vidicon or line-scan techni- 
ques. 

In the design of satellite telescopes and 
instruments new boundary conditions 
are encountered. Two serious ones, 
aside from weight, are the low reflectivi- 
ties of reflecting surfaces in the ultra- 
violet and the opacity of all trans- 
mission materials. The- designer is, 
therefore, limited to the very few re- 
flecting surfaces compatible with the 
design specifications. This requirement 
makes it mandatory that more sophisti- 
cated aspheric systems be utilized, in 
spite of attendant manufacturing prob- 
lems. In space optics use may also be 
made of unconventional mirror ma- 
terials. The lifetime of a space telescope 
is so short in comparison to that of a 
terrestrial telescope that optical stability 
of several months may be sufficient for 
the mirror materials. 

The design of an orbiting telescope 
poses three major problems not en- 
countered in designing terrestrial tele- 
scopes. 

The launching g forces in particular 
are an example. During the launch into 
orbit a telescope may be subjected to 
vibration of approximately 5 to 10 g’s 
over a frequency range of 5 to 1500 
cycles- per second. As a consequence, 
either the engineer must find a design 
that will preserve optical collimation 
or the astronomer will have to realign 
his optical systems after the telescope 
arrives in orbit. The lack of proper 


optical collimation could seriously de- 
grade the performance of a space tele- 
scope. 

The second major problem in the 
design of the space telescope is that 
produced by its thermal environment 
while in orbit. Sunlight will intermit- 
tently illuminate one side or the other 
of the space craft. This variable heating 
will produce a large and changing 
temperature gradient between the outer 
skin of the space craft and the tele- 
scope optical system. It will be necessary 
to keep the thermal gradient small in 
the optical system if high-resolution 
performance is to be obtained. 

The third problem area, one common 
to all orbital instrumention, is that 
caused by prolonged operation of mov- 
ing parts in the hypervacuum of space. 
The list of problems can easily be ex- 
tended as one looks closer into the 
actual design of a space telescope. 


A Lunar Observatory 


There has been considerable specula- 
tion concerning the ultimate location of 
a space telescope. The inaccessibility of 
an orbiting telescope, for purposes of 
repair or for modification of the on- 
board experiments, would be a severe 
handicap. The establishment of a man- 
ned lunar base could considerably 
change this picture. If such a_ base 
should be established, we may be cer- 
tain that a large lunar telescope would 
be constructed. While the erection of a 
lunar telescope would be an exceedingly 
expensive and challenging problem, the 
proposal is perhaps no more farfetched 
than the establishment of a great re- 
search facility at the South Pole, such 
as now exists, would have seemed a 
century ago (/). 


Note 


L. This article is contribution No. 11 from the 
Kitt Peak National Observatory. 
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Where Does Instrumentation 
Enter into Medicine? 


Modern technology can help medicine meet growing 
demands through instrumentation and automation. 


The United States boasts of having 
the best medical care in the world. Yet 
this care is inadequate. A young house 
physician from one of our large metro- 
politan hospitals recently complained 
that he and two other doctors were 
forced to see and treat 180 patients in 
the course of a 3-hour clinic. This 
meant that the average patient had 
available to him only 3 minutes of 
a physician’s time. The expanding de- 
mand for medical services that has re- 
sulted from Blue Cross and similar pre- 
paid medical care plans cannot be met 
by our present facilities with present 
methods. To establish a diagnosis takes 
too long. To board and treat the hos- 
pitalized patient requires the time and 
attention of too many people. Coordina- 
tion of the efforts of those responsible 
for the various aspects of medical care 
is too haphazard. The fact is that medi- 
cal practice is where the manufacturing 
industry was at the beginning of the 
industrial revolution. All our work is 
piecework, and it is all done by hand. 

It is. true that medicine has special 
problems which set it apart from other 
industries, Each patient who presents 
himself for treatment differs from every 
other patient by virtue of differences 
in the progress of the disease and differ- 
ences in age, nutritional status, reac- 
tivity to drugs, and responsiveness to 
therapy. Constant surveillance of the 
patient is necessary to detect changes 
in his condition. Each reaction to 
therapy, diet, or rest requires re-evalua- 
tion and possibly a change of regimen. 
The various aspects of medical care 
have become so complex that most of 
the physicians and technicians con- 
cerned with the patient ure specialists, 
and many are subspecialists within their 
special fields of training—for example, 
the cardiopulmonary physiologist, the 
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recovery-room nurse, and the intensive- 
care nurse. 

Another important difference is that 
occasionally we must work with sys- 
tems about whose mechanisms we have 
only a rudimentary knowledge. Until 
39 years ago we had no idea what 
caused diabetes. Only in the past 12 
years have we begun to appreciate the 
full significance of the complex hor- 
monal balances which, day by day and 
hour by hour, efficiently regulate nutri- 
tion, cardiovascular homeostasis, and 
useful response to stress, disease, and 
inflammation. Even now our best men 
are scratching their heads over the most 
elementary aspects of the regulation of 
nervous activity, mental health, and 
emotional behavior. Growth _ itself, 
which is one of the most fundamental 
characteristics of living things, is still 
in large part a mystery. 


Practices in Anesthesia 


The special problems associated with 
the practice of medicine do not excuse 
or justify the archaic methods we em- 
ploy for collecting data, processing and 
interpreting it, transmitting it, and 


translating it into action. Let me take a. 


few examples from my own specialty, 
anesthesiology, to illustrate this. 

The responsibilities of the anesthesi- 
ologist are complex and demanding. He 
must acquaint himself with the physical 
and mental status of the patient. Then, 
taking into consideration the surgical 
requirements of the operation to be 
performed, he must protect the patient 
from all painful and emotionally dis- 
turbing stimuli. He must prepare a 
relaxed field for the surgeon to operate 
in. He must, moreover, guard the 
patient from harmful reflexes, support 





his respiration and circulation, and re- 
turn him to full consciousness and self- 
sufficiency as soon as possible after the 
operation is over. 

What does he have to work with to 
accomplish all this? If he is fortunate 
he can devote 10 or 15 minutes the 
evening before the operation to ex- 
amining the patient’s chart and seeing 
the patient. The chart is a conglomera- 
tion of disjointed notes and reports, 
recorded in a nonuniform manner in 
as many as 10 or 20 different hand- 
writings. If the patient has had a pre- 
vious admission, his chart may consist 
of two or more volumes, all of which 
may not be readily available for exami- 
nation. The drugs and agents the anes- 
thetist uses to induce anesthesia and 
relaxation are, in the main, substances 
which disturb normal nervous balances, 
depress respiration, interfere with cir- 
culatory homeostasis, and cause tem- 
porary deviations of hormonal balance 
and metabolic activity. 

His equipment consists of a blood- 
pressure cuff and stethoscope, a watch, 
and a few open-ended controls to regu- 
late administration of his drugs. The 
latter are regulating devices that lack 
feedback; they include needle valves on 
the anesthesia machine, which control 
the flow of gases; the ether vaporizer 
(notorious for its failure to deliver 
vapor at a constant concentration), and 
infusion drip regulators. 

To judge the adequacy of respira- 
tion he observes the movements of a 
rebreathing bag. To determine the cir- 
culatory status he feels and counts the 
pulse and measures the blood pressure, 
whenever it occurs to him to do so. To 
evaluate the depth of anesthesia he 
relies primarily on his eye to observe 
the activity of a few reflexes. This is the 
manner in which, I would judge, 95 per- 
cent of our anesthesias are being ad- 
ministered today. 


Consequences 


What are the consequences of this 
method of practice? At best, an occa- 
sional disaster or near disaster. The fol- 
lowing are three actual case histories 
based on information recorded by the 
anesthesiologist. 

Case 1. A young woman, 21 years 
old and weighing 131 pounds, with 





The author is professor of surgery and head 
of the section of anesthesiology at the University 
of Chicago Clinics, Chicago, Ill. This article 
is adapted from an address before the New 
York section of the Instrument Society of Amer- 
ica, 15 December 1958. 


SCIENCE, VOL. 134 








his 
ca- 
ol- 


the 


ars 
ith 


ead 
‘sity 
Licle 
New 
ner- 


134 








Fig. 1. The autoanestheton. 


no known systemic disease except 
for chronic inflammation of the left 
middle ear, and with no known aller- 
gies, was prepared for mastoidectomy 
and tympanoplasty. Meperidine (60 
mg) and scopolamine (0.4 mg) were 
administered intramuscularly 45 min- 
utes before the induction of anesthesia. 
Anesthesia was begun with 125 milli- 
grams of thiopental and was maintained 
with 3 liters of nitrous oxide and 1 liter 
of oxygen per minute and with inter- 
mittent intravenous dosage of thiopental 
and meperidine in small amounts. Suc- 
cinylcholine, (40 mg) was given, and 
a rubber endotracheal tube, (size 40, 
French) was placed in the trachea 10 
minutes after the induction of anes- 
thesia. Five minutes later the flow of 
nitrous oxide was reduced to 2 liters 
per minute. The left mastoid region was 
infiltrated with 1-percent procaine con- 
taining eight drops of adrenalin solu- 
tion. The skin was incised 25 minutes 
after anesthesia was begun. The blood 
pressure, as measured by auscultation, 
remained stable at 110 millimeters of 
mercury systolic, and 70 millimeters of 
mercury. diastolic; the pulse was 80 
beats per minute, and the rate of 
respiration fluctuated between 18 and 
20 per minute. Four-minutes after the 
skin incision was made the blood pres- 
sure was unobtainable and the periph- 
eral pulse was not palpable, but respira- 
tion continued normally for several 
minutes. A rapid, irregular pulse was 
felt over the precordium. 

Anesthesia was discontinued, 100- 
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percent oxygen was given, and attempts 
were made to improve circulation by 
tilting the patient head down and giving 
vasopressors. Ten minutes later moist 
rales were heard in the lungs, and 
frothy, blood-tinged mucous was as- 
pirated from the trachea. A diagnosis 
of pulmonary edema was made. Digoxin 
(1 mg) was given, and an infusion of 
5-percent dextrose in water was started 
in a vein. Norepinephrine was added to 
the infusion. No central pulse was 
palpable or audible, and 27 minutes 
after the peripheral pulse disappeared 
the chest was opened and manual mas- 
sage of a flabby, arrested heart was be- 
gun. Spontaneous contractions of the 
heart recommenced but, despite con- 
tinued treatment, failed to sustain an 
effective circulation. Four hours after 
anesthesia was started the patient was 
pronounced dead. 

Comment. Some unknown event, pos- 
sibly related either to the administration 
of the general anesthetic or of the local 
anesthetic and adrenalin, caused a fail- 
ure of the circulation. Although its oc- 
currence was noted within 5 minutes at 
the most, the magnitude and signifi- 
cance of this failure were not recognized 
until 27 minutes after it was first 
noticed. All subsequent heroic efforts 
to restore circulation were ineffective. 

An electrocardiogram or a_con- 
tinuously indicating blood-pressure 
monitor would have provided evidence 
of a change in the function of the 
heart as soon as it occurred, and an 
electroencephalogram would have pro- 
vided clear evidence of circulatory in- 
adequacy within a minute of its occur- 
rence. Delay in establishing a diagnosis 
insured the fatal outcome of this case. 

Case 2. A_ well-developed, febrile, 
male infant, aged 12 months, was ad- 





mitted for treatment of right otitis 
media and acute mastoiditis. His tem- 
perature was 39.8°C, his pulse rate was 
160 beats per minute, and his respira- 
tory rate was 80 per minute. On physi- 
cal examination he appeared acutely ill 
and irritable, but with no gross abnor- 
malities of his head, chest, abdomen, 
or extremities. He received nothing by 
mouth on the day of operation. He was 
given 15 milligrams of meperidine by 
hypodermic injection at 11:45 a.m. 
At 2 P.M. anesthesia was induced with 
ether, and it was maintained with 50- 
percent ethylene and ether in oxygen. 
One hundred milliliters of 5-percent 
dextrose in water was administered 
during the operation. A simple mas- 
toidectomy was performed, the opera- 
tion lasting 60 minutes. His course in 
the operating room appeared unevent- 
ful, and he was returned to the recovery 
room in fair condition 90 minutes after 
anesthesia was started. At 4:30 P.M., 
1 hour after his admission to the re- 
covery room, his respiration became 
labored, his fingernails became cyanotic, 
and his rectal temperature was found 
to be 42.3°C. Cyanosis deepened; re- 
suscitative measures were taken, but his 
condition worsened and he was pro- 
nounced dead at 5 P.M. 

Comment. Dehydration and heavy 
surgical drapes may cause hyperther- 
mia during warm weather, especially in 
children. Continuous observation of 
rectal temperature with a_ thermistor 
probe thermometer would almost cer- 
tainly have forestalled this unnecessary 
fatality. 

Case 3. A well-developed man, age 
60 years, was admitted with the com- 
plaint of abdominal distension, and 
cramping abdominal pain of 2 months’ 
duration. Findings on physical exami- 
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Fig. 2. Schematic diagram of a servo system for controlling depth of anesthesia. 


[Courtesy Bickford et al.] 


1173 











nation were normal except for ab- 
dominal distension. In laboratory analy- 
ses of blood and urine constituents 
and serum electrolytes, the results were 
within normal limits. The electrocardio- 
gram was normal except for tachy- 
cardia. An x-ray examination of the 
abdomen was compatible with a diag- 
nosis of obstruction of the distal small 
bowel. A decompression tube was in- 
troduced, and the patient was pre- 
pared for exploratory laparotomy. An- 
esthesia was induced with 250 milli- 
grams of thiopental and maintained with 
ethylene and ether in oxygen. An at- 
tempt to introduce an _ endotracheal 
catheter failed, but a satisfactory air- 
way was produced with oropharyngeal 
and nasopharyngeal tubes. During ex- 
ploration of the abdomen the patient’s 
pulse remained steady, and except for 
a mild depression of his blood pressure 
and a moderate increase in respiratory 
rate, his course was considered to be 
satisfactory. The bowel was decom- 
pressed. Immediately afterward his 
blood pressure was unobtainable and 
cyanosis developed. Despite forced in- 
fusion of whole blood and artificial 
respiration with 100-percent 
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after an emergency trachetomy, he 
died. A carcinoma of the cecum was 
found to be responsible for his preoper- 
ative symptoms. 

Comment. The information available 
does not reveal the immediate cause of 
death. Rate of respiration is not an 
adequate measure of adequacy of pul- 
monary ventilation. The blood pres- 
sure and pulse rate may remain stable 
during wide variations of total-body 
blood flow. The origin of the heartbeat 
may become grossly abnormal without 
this being detectable by palpation of the 
pulse. It seems probable that in this case 
valuable time was lost in ascertaining 
that respiratory exchange was sufficient. 
It cannot be determined whether a 
cardiac arrhythmia, appearing in re- 
sponse to strong visceral stimulation, 
was responsible for failure of the cir- 
culation, or whether the failure was due 
to sudden pooling of blood in the 
splanchnic vascular system as a result 
of rapid reduction of intra-abdominal 
pressure. Answers to these questions 
might have been provided by a device 
that could be used to measure respira- 
tory exchange, by an electrocardiograph, 
and by an instrument sensitive to the 









































Fig. 3. A thermostated glass electrode probe for rapid, serial measurements of blood 
pH. (Left) Front view, showing position of glass electrode and external controls. 
(Right) Back view, showing connections: A, to power source for heater elements; B, 


to potentiometer; C, to arterial cannula. 
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oxygen saturation of central venous 
blood. 

This sort of thing happens only a 
few times each year in most clinics, but 
even once is too often if it can be pre- 
vented. Our ability to predict these 
occurrences is directly dependent on 
the extent of our knowledge of what is 
going on. 


Recent Developments 


The foregoing histories do not give 
an entirely fair picture of what we can 
do today. There has been considerable 
activity among clinical researchers and 
instrument manufacturers in the last 
decade to develop devices for regulat- 
ing more accurately the administration 
of anesthetic drugs, for controlling res- 
piration, and for providing more reli- 
able information on depth of anesthesia ° 
and circulatory status. Described below 
are a few devices which either have 
found their way into clinical practice, 
have shown promise but have required 
additional engineering, or have served as 
a basis for clinical studies which have 
provided new insights into the nature of 
the state of anesthesia. I make no 
attempt to present an exhaustive list of 
the instruments that are available. The 
examples used for illustration were 
selected without regard to comparative 
quality or efficiency of operation. 

1) Frumin and Lee (J) successfully 
designed a machine (Fig. 1) which auto- 
matically samples exhaled air at the end 
of expiration, measures its carbon- 
dioxide tension, and, by means of a 
servo system, adjusts the inflating pres- 
sure of a mechanical lung ventilator to 
maintain the carbon-dioxide tension at 
any desired level. The system incorpor- 
ates a nitrous oxide—oxygen mixing sys- 
tem to provide anesthesia as well. 

2) Servo systems have also been used 
by Bickford and his associates (2) and 
by Bellville and his associates (3) for 
automatically regulating the depth of 
anesthesia by feeding back information 
obtained from the electroencephalo- 
gram to control the administration of 
anesthetic drugs. Figure 2 illustrates 
one scheme for converting monitored 
information to regulate administration 
of an anesthetic agent. 

3) An explosion-proof, thermostated 
pH probe (Fig. 3) was constructed in 
the anesthesiology laboratory at Co- 
lumbia University (4), for making 
serial measurements of the arterial 
blood during surgical operations. Ren- 
dering monitoring equipment safe for 
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use in the neighborhood of explosive 


gas mixtures is important in designing 
an electrical device for use by anesthe- 
tists. This pH monitor has been very 
useful for studying alterations in res- 
piration and metabolic response during 
anesthesia. 

4) Ten or more companies manu- 
facture devices suitable for monitoring 
the electrocardiogram in the operating 
room. To my knowledge only two in- 
struments have been approved by the 
Underwriters’ Laboratory as explosion- 
proof, although several others have been 
designed to reduce the hazard in the 
event of an explosion. Figure 4 shows 
a device, based on the work of Zoll and 
his associates (5), which displays the 
electrocardiogram and sounds an alarm 
if the pulse interval falls below a pre- 
determined level, simultaneously be- 
ginning to send electric stimuli to the 
heart to maintain cardiac action. Ob- 
viously, this device does not provide 
for support of the circulation, beyond 
displaying the abnormal rhythm if 
ventricular fibrillation is the cause of 
failure, but it will be helpful in the 
event of complete heart block or cardiac 
arrest (6). 

5) A host of miniaturized pulse moni- 
tors, all very similar, have appeared on 
the market in recent years. These are 
small, highly portable instruments, 
usually battery-operated transistor cir- 
cuits which detect the pulse by means 
of a microphone strapped or taped to 
the finger, or by sensing the QRS com- 
plex of the electrocardiogram through 
two needles or plate electrodes. The 
signal is either a flashing light, a 
flicking meter needle, or a deflection 
of the meter movement that indicates 
average pulse rate. A highly desirable 
feature of some instruments is the con- 
version of the pulse to an audible sig- 
nal—a click, squeak, or chirp—which 
eliminates the need for looking con- 
stantly at the device. The pulse monitor 
illustrated (Fig. 5) allows for alternate 
inputs, either a microphone or elec- 
trocardiogram electrodes. It is based on 
a design by Severinghaus (7). 

6) Automatic, indirect blood-pressure 
monitors are beginning to appear. These 
detect the peripheral pulse with a micro- 
phone or photoelectric device, auto- 
matically inflate a cuff on the finger or 
arm, and indicate the pressure at which 
the pulse just disappears (the systolic 
blood pressure). The monitor illustrated 
in Fig. 6 employs a variable capacit- 
ance microphone on the finger and an 
adjoining inflatable cuff. Each detected 
pulse operates a solenoid valve which 
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Fig. 4. The Electrodyne cardiac monitor 
and pacemaker with electrocardioscope. 


admits a measured amount of air into 
the cuff. An adjustable leak in the cuff 
allows the cuff pressure to hover con- 
tinuously around the systolic pressure. 
This pressure is displayed by means of 
an anaeroid manometer. 

7) Oximeters, devices which indicate 
oxygen saturation of the blood by dis- 
tinguishing between the color of oxy- 
genated and reduced hemoglobin in the 
lobe of the ear, have been used in 
numerous clinics during the last decade 
to determine the adequacy of gas ex- 
change in the lungs. More recently, 
polarized platinum or gold electrodes 
covered with thin plastic films, with 
current-carrying capacity directly de- 
pendent on the partial pressure of oxy- 
gen, have been used for the same 
purpose (8, 9). 

8) Infrared analyzers (/0). specifi- 
cally sensitized to carbon dioxide or to 


one of several gaseous or volatile poly- 
atomic anesthetic agents, have been 
employed to measure exhaled carbon 
dioxide, as in the Frumin and Lee de- 
vice (Fig. 1) described above, or to 
follow the uptake and excretion of 
anesthetic substances. Gas chromatog- 
raphy has made it possible to measure 
simultaneously a number of the con- 
stituents of a mixed-gas sample. These 
methods are too cumbersome for rou- 
tine clinical use, and the cost of the 
equipment is very high, but much in- 
formation of value has been obtained 
through using them in clinical research. 

9) Devices for measuring respiration 
that are somewhat cruder but more 
practical from the standpoint of the 
clinician are a group of pneumatic and 
pneumatic-mechanical devices sensitive 
to flow of air. These include the Ohio 
minute volume meter (Fig. 7), which 
is a simple venturi tube with an asso- 
ciated pneumatic integrator, and which 
tends to indicate the average level of 
ventilation; the ventimeter (//), which 
is a rebreathing bellows in a calibrated 
plastic dome, and which indicates the 
volume of each respiration; the Wright 
anemometer, a British invention which 
is a pneumatic turbine operating a 
watch-type dial indicator; the Bennett 
respiration meter, which is a_ light, 
wooden cogwheel movement indicating 
gas flow on a dial. 

During open heart operations, when 
a mechanical pump and oxygenator sys- 
tem is temporarily substituted to per- 
form the functions of the heart and 
lungs, it is not unusual for eight or ten 
physiological parameters to be moni- 
tored. These might include blood pres- 





Fig. 5. The Burdick, Inc., Telecor. 
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sure at two or three sites, total blood 
flow, oxygen saturation, blood pH, 
carbon-dioxide concentration. and hem- 
atocrit, blood coagulability, hemolysis, 
the electrocardiogram, and the electro- 
encephalogram. However, such moni- 
toring requires an electronic technician 
and at least one other person in the 
operating room and two or three chemi- 
cal technicians outside in a laboratory. 
Obviously this is not practicable as 
routine procedure in the operating 
room. 





Shortcomings of Instruments 


There appear to be several reasons 
why these recent developments have 
not been incorporated into routine prac- 
tice. 

1) All of these devices are portable; 
hence, setting them up adds to the time 
required to prepare the patient for 
anesthesia and surgery. Also, they are 
not always available; somebody else 
may be using the instruments, or a part 
may be missing. 


CONTINOUS SISTER ONTO 





Fig. 7. The Ohio minute volume meter. [Courtesy Ohio Chemical and Surgical Equip- 


ment Co.] 
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2) Interpretation of the information 
presented by the instruments is some- 
times difficult. This results from several 
factors. The clinician may be unfamil- 
iar with the signals that are being pre- 
sented. False signals may be generated 
due to artifacts resulting from move- 
ment or from signals generated by 
other equipment in the area. Equipment 
failure occurs too frequently, as a result 
of interference or dislodgment of leads 
and cables. And finally, the information 
presented by many of these instruments 
is not particularly useful or reliable. An 
example of this is the information given 
by instruments that monitor the pulse. 
These devices consist usually of some 
sort of transducer, attached to the finger 
tip, which is activated by a change in 
the volume of the finger tip. Occasion- 
ally these instruments fail to detect a 
pulse signal as a result of purposeful 
peripheral vasoconsiriction when the 
more vital, central circulation is quite 
adequate. On the other hand, electro- 
cardiograms have been obtained from 
patients whose hearts have ceased to 
have any effective pumping action. 

3) Many of these instruments con- 
sist of bulky and multiple chassis ac- 
companied by a bale of lines, lead 
cables, and so forth. Such machines 
contribute unduly to the general con- 
fusion of the operating room. This is 
disturbing to the anesthetist and is re- 
sented by other teams in the operating 
room. 

4) The use and maintenance of this 
type of equipment is frequently beyond 
the competence of the anesthesiologist, 
and hence he views it with suspicion 
and is reluctant to accept it. 


Possible Solutions 


All of these problems are soluble, but 
investment of time and money is re- 
quired for further development. In 
seeking to improve this instrumentation, 
first, the acceptability of permanent in- 
stallations in the operating room should 
be tested. If automatic control systems 
and monitoring ‘devices were made 
more readily available, clinicians would 
use them more often and the develop- 
ment of improved devices would be 
accelerated. Second, transmission sys- 
tems should be simplified, as through 
telemetering. Telemetry is a science that 
has been developed to a very high 
degree for the astronautical industry. 
Surely, only minor modifications should 
be required to produce a miniaturized 
transmitter and multiplexer with at- 


SCIENCE, VOL. 134 





tac 
ple 
be 


ro 
tin 
co 
ins 


of 
su 
th 





but 


In 
on, 


uld 
>ms 
ade 
uld 
op- 

be 
Sys- 
ugh 
that 
ligh 
try. 
yuld 
ized 

at- 


. 134 





tached sensing elements which could be 
plastered unobtrusively to the patient 
before he is brought to the operating 
room. Upon his admission to the opera- 
ting room the necessary intelligence 
could be picked up by a permanently 
installed wall receiving-and-display unit. 
William Thornton has devised a system 
of this sort, which is being used 
successfully by the anesthesiologists at 
the University of North Carolina (/2). 
And finally, we should attempt to de- 
velop new sensing elements and data- 
processing systems to provide more 
positive information. Electrical im- 
pedance plethysmography, as conceived 
by Nyboer (/3), may furnish evidence 
of alternations of regional blood flow 
during anesthesia about which we can 
do little more than guess at the present 
time. 

Similar challenges exist in practically 
every phase of medical practice and 
biological research. Our methods of 
diagnosis can probably be speeded by 
application of modern computer tech- 
niques for correlating the information 
obtained from the medical history of 
the patient, the physical examination, 
and laboratory data. Zworykin is ex- 
perimenting in this area in collabora- 
tion with physicians at New York Hos- 
pital and Mt. Sinai Hospital, New York 
(14). Methods of keeping medical rec- 
ords and recalling information can 
probably be made more efficient and 
certain by applying modern data-re- 
cording principles such as every other 
important industry relies upon today. 
Nursing techniques can be performed 
by mechano-electrical systems in many 
instances; for example, thermistor or 
thermocouple thermometers are wired 
from each patient’s bed to a central 
display and recording unit in some 
Scandanavian hospitals. Pulse and res- 
piratory rates could be similarly moni- 
tored and transmitted to the nursing 
station. This would enable us to make 
better use of our nurses, who are in 
very short supply today. Machines are 
being perfected which will scan blood 
slides and tissue slides for evidence of 
malignancy and other disorders. These 
can speed diagnosis and further re- 
duce the number of personnel required 
to attend each patient (7/5). Routine 
clincal chemical analyses are now be- 
ing performed in a number of hospitals 
more reliably and more rapidly by ma- 
chines (16), designed on principles 
utilized by the chemical industries for 
several decades. 

’ These are examples of ideas for im- 
proving medical practice through appli- 
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cation of instrumentation and automa- 
tion that have already occurred to 
workers in this field. A few of these 
ideas are already being proved prac- 
tical, but most of our medical institu- 
tions continue to ignore them. 

Why are we still so far behind? There 
are too few scientists of the caliber of 
Zworykin and his associates at the 
Medical Electronics Center of the 
Rockefeller Institute and the Radio 
Corporation of America Laboratories, 
and of Robert Bowman’s group at the 
Laboratory of Technical Development 
of the National Heart Institute, who 
are willing to apply themselves to this 
work. And there are still too few com- 
panies willing to gamble on this un- 
developed market. Also to blame are 
members of the medical profession and 
hospital administrators who have not 
learned to appreciate fully the ad- 
vantages to be derived through aban- 
doning traditional methods. And this 
brings us to another roadblock. 

Physicians, by virtue of their special- 
ized training in the medical sciences, 
are not equipped to undertake this type 
of development by themselves. And 
engineers are equally unable to produce 
satisfactory solutions because they lack 
understanding of the physician’s prob- 
lem. There, are two obvious solutions 
to this dilemma. One is to educate a 
number of physicians in the engineering 
sciences. This will undoubtedly become 
a more common procedure in future 
years, as instrumentation becomes a 
more commonplace part of medicine, 
but at best it will be a slow process. A 
more immediate solution is to bring 
engineers into our hospitals and medical 
research laboratories, where they can 
become acquainted at first hand with 
our problems and, even more impor- 
tant, can participate in the field trials 
which determine whether or not a given 
line of development is feasible. To meet 
the long-term need for more engineers 
interested in biomedical instrumenta- 
tion, research institutes and training 
centers will have to be established. The 
Russians have shown the practicality 
of such units with their successful In- 
stitute of Experimental Surgical Ap- 
paratus. 

Our scientific societies can play an 
important part in effecting these 
changes. The more these problems are 
talked about, the more urgent will be 
the demand for their solution. Among 
the several thousand scientific and 
technical organizations in the United 
States there is as yet not one national 
society devoted exclusively to advancing 


medical instrumentation. Only one or- 
ganization has significant representation 
of regularly active local groups through- 
out the country—the Institute of Radio 
Engineers’ Professional Group on Bio- 
medical Electronics. Members of the 
Instrument Society of America have 
made a few valiant attempts to initiate 
a national program but have met with 
frustration as a result of having to com- 
pete with too many established interests. 
Other engineering societies have had 
similar experiences. The medical and 
biological societies have failed to ad- 
vance even this far. 

Lastly, advancement will depend 
also upon the accumulation of a sub- 
stantial and authoritative literature de- 
voted to medical instrumentation. The 
IRE Transactions on Medical Elec- 
tronics, the bibliography on medical 
electronics which is prepared by the 
Medical Electronics Center of the 
Rockfeller Institute and published by 
the Professional Group on Medical 
Electronics, the proceedings of the new 
instrumentation division of the New 
York Academy of Sciences, the digest 
of technical papers based on the annual 
Conferences on Electrical Techniques 
in Medicine and Biology, the annual 
instrument issue of Science, and similar 
publications represent the sound be- 
ginning that has been made in establish- 
ing useful library and communications 
media in this young but promising field 
of science. 
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CURRENT PROBLEMS IN RESEARCH 





Fuel Cells 


They produce more electricity per pound of fuel than 


any other nonnuclear method of power production. 


In a postscript to a letter to the editor 
of The Philisophical Magazine in 1839, 
Sir William Grove (J) first reported 
the production of electrical energy by 
means of an electrochemical cell con- 
suming hydrogen and oxygen gases. In 
his postscript Grove was not concerned 
with the generation of electrical power 
but rather with the demonstration that 
the electrolysis of water on platinum 
electrodes could be reversed. Grove’s 
cell was capable of doing nothing more 
than deflecting a galvanometer. Never- 
theless, this work was the forerunner 
of present-day fuel cells. Of the various 
fuel cells now available, the hydrogen- 
oxygen fuel cells appear to be the most 
advanced. 

Much of the incentive for work on 
fuel cells in the latter half of the 19th 
century and the early 20th century was 
derived from the desire to burn coal 
electrochemically at efficiencies far 
higher than is possible with conventional 
heat engines. The direct electrochemi- 
cal combustion of coal has not yet been 
accomplished on a practical basis, but 
other fuels, including some derived 
from coal, have been used successfully 
in electrochemical cells. 

In the broad sense, any anodic re- 
actant in a battery can be considered 
a fuel. Originally the designation “fuel 
cell” was reserved, however, for electro- 
chemical cells which were to generate 
power from low-cost fuels. In recent 
years the term has been extended to 
include electrochemical cells consuming 
fuels which hardly can be considered 
low in cost. Projected space applica- 
tions and exotic military applications, 
in good part, have prompted this ex- 
tension of the term. 

A particular feature of almost all 
fuel cells is that the electrode reactants 
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are not stored in appreciable amounts 
within the cells but are fed into the 
system as they are consumed, usually 
in a continuous fashion. Thus, only a 
relatively small amount of either the 
fuel or the oxidizing agent is within 
the cell at any instant. The oxidizing 
agent for fuel cells, with few exceptions, 
is either pure oxygen or oxygen de- 
rived from air, since other oxidizing 
agents, such as the halogen gases, are 
far more expensive, heavier, and more 
difficult to handle than oxygen. 

In the ordinary combustion of a fuel, 
the electrons are rearranged within the 
molecules and _ transferred between 
molecules without the opportunity to 
do any useful work directly, and hence 
their excess energy is degraded to 
heat. Only a portion of this heat can 
be converted to useful work or elec- 
trical energy by means of a heat engine 
because of limitations imposed by 
thermodynamics. Thus the efficiency 
(f) associated with the conversion of 
chemical to electrical energy with a 
heat engine is set by the Carnot-cycle 
expression: 

W T, — T; 

a) Rite “ga (1) 
where W represents the work derived 
from the heat engine, Q represents the 
heat introduced into the heat engine at 
the higher temperature 7:, and T: rep- 
resents the lower temperature at which 
heat is rejected to the surroundings. In 
the most advanced types of turboelec- 
tric generating equipment available to- 
day, not much more than 40 percent 
of the chemical energy released as heat 
during the combustion of the fuel can 
be converted to electrical energy. 

During electrochemical oxidation, 
the electrons are transferred from the 
fuel to the oxidizing reactant (usually 
oxygen) through an external electrical 





circuit and hence can lose much of 
their excess energy by doing useful 
electrical work. As a result, the effi- 
ciency associated with the conversion 
of chemical to electrical energy in an 
electrochemical cell is not limited by 
the Carnot cycle equation mentioned 
previously (Eq. 1). The theoretical 
limit for the thermal efficiency of an 
electrochemical cell is given thermo- 
dynamically as 
Ww AF 

rs a ma (2) 
where W is the electrical work derived 
from the system; Q is the heat that 
would have been released if the fuel 
were oxidized directly, nonelectrochemi- 
cally; AF is the free energy of oxidation 
of the fuel; and AH is the enthalpy 
(or heat content) of oxidation of the 


fuel. Since AF is numerically somewhat - 


less than AH for the fuel cells now 
under development, the efficiency for 
these cells must be less than unity. 
Actual values for f in excess of 60 
percent have already been achieved for 
some of these cells. 

In addition to more electrical energy 
per pound of fuel, fuel cells offer the 
potential advantages of relative sim- 
plicity and long life in unattended oper- 
ation. High-speed moving parts operat- 
ing in. high-temperature environments, 
such as are encountered with conven- 
tional heat engines, are not involved. 
Fuel cells, however, provide low- 
voltage direct-current power rather than 
alternating-current power—a_ decided 
disadvantage in certain types of appli- 
cations. 

Despite the present enthusiasm in the 
United States for fuel cells, no system 
as of this date appears to have advanced 
beyond the developmental stage, and 
many are still at the basic research level. 
This situation does not reflect a lack 
of effort but reflects, rather, the sub- 
stantial technical difficulties which must 
be overcome before practical fuel-cell 
systems are available. 


Polarization 


When power is drawn from an elec- 
trochemical cell, the terminal voltage of 
the cell decreases from that which 
would be anticipated thermodynamically. 
This decrease in cell voltage reflects 
not only IR drop within the cell but 
also potential losses associated with 
irreversibility of various processes at 
the electrode-solution interfaces. These 
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deviations in the potentials of the elec- 
trodes from the values predicted ther- 
modynamically are referred to as 
electrode polarization. Many electro- 
chemical fuels which appear to be 
advantageous for fuel-cell applications 
on a thermodynamic basis cannot be 
used successfully because of excessive 
electrode polarization which prohibits 
the operation of the cells at practical 
power levels; that is, whenever any ap- 
preciable current is drawn from the 
cells, the cell voltage rapidly drops to a 
very low value. 

The reversibility of a given electrode 
reaction, and therefore the electrode 
polarization, is often very dependent 
upon the catalytic properties of the elec- 
trode surface. For example, the electro- 
chemical oxidation of hydrogen at a 
given electrode potential may be able 
to proceed 10° to 10° times faster with 
a platinum-impregnated porous carbon 
electrode than with a similar carbon 
electrode containing no such catalyst. 
Part of this improved performance with 
the platinum catalyst is due to the in- 
trinsic catalytic properties of platinum 
for the hydrogen oxidation reaction, 
while part is due to the very high sur- 
face area associated with the platinum 
metal as it is incorporated in the 
carbon electrodes. Fundamental elec- 
trochemical research on the kinetics of 
electrode processes on various surfaces 
should prove of considerable importance 
in the future in pointing the way to 
development of more active surfaces 
for use as electrodes in fuel-cell systems 
operating at high current densities with 
a minimum of polarizatior. 





Electrode 


Specific Systems 


In Table 1 are listed various fuel cells 
which appear to offer promise, and of 
which the performance has been docu- 
mented in the literature or in published 
reports. All of the cells listed in Table 1 
operate on oxygen. In some instances, 
however, it is not practical to derive 
the oxygen by feeding air directly to the 
cells, for reasons which will become 
evident in the evaluation of the specific 
systems. 

Hydrogen-oxygen cells. The hydro- 
gen-oxygen cells of Union Carbide (2), 
Bacon (3), and Justi (4, 5) listed in 
Table 1 all operate with strongly alka- 
line electrolytes. Alkaline electrolytes 
(usually KOH) have generally been 
favored because the reduction of oxygen 
at the cathode proceeds with a mini- 
mum of polarization in such solutions. 
The over-all reactions for these cells 
with alkaline electrolytes are as follows: 


Anode: 2H. + 40H —4H:O + 4e- (1) 
Cathode: O. + 2H:O + 4e°-—40H- (2) 
Cell: 2H: + O.—2H:0. (3) 


Thus the over-all cell reaction involves 
the generation of water from hydrogen 
and oxygen. 

If no voltage losses occurred within 
hydrogen-oxygen fuel cells, the voltage 
expected thermodynamically should be 
slightly in excess of 1.2 volts, the value 
corresponding to the free-energy change 
associated with reaction 3 at tempera- 
tures below 100°C. In practice, cell 
voltages for the hydrogen-oxygen sys- 
tem rarely exceed 1.05 volts, and the 


Table 1. Typical fuel cells. 


operating voltages under load conditions 
do not exceed 0.9 volt, because of elec- 
trode polarization as well as IR drop 
within the cells. 

Figure 1 is a functional diagram of 
a hydrogen-oxygen cell with an aqueous 
electrolyte. Porous electrodes are used 
to permit the sparingly soluble reacting 
gases (hydrogen and oxygen) to pass 
through the electrodes from the rear 
to the sites of the electrochemical reac- 
tions at the solution-electrode interfaces. 
Under proper operating conditions the 
electrolyte should penetrate only into 
the outermost pore structure of the elec- 
trode. Pores in the bulk of the elec- 
trodes should be free of solution, since 
the diffusion of sparingly soluble gases 
through liquid-filled capillaries is far too 
slow for operation at reasonable current 
densities. 

One means of keeping the pores 
within the bulk of the electrode free of 
solution is to have the surfaces within 
the pores hydrophobic, as is the case 
with the porous carbon electrodes used 
in the Union Carbide hydrogen-oxygen 
cell. In such porous electrodes inter- 
facial tension is the predominant factor 
which keeps the pores from filling with 
solution. With time and use, however, 
the hydrophobic properties of the elec- 
trode may be slowly modified and the 
solution may progressively penetrate 
into the pore structure, with the result 
that the electrodes eventually fail to 
function properly. The penetration of 
the solution into the pores of the hydro- 
phobic-type electrodes is usually ac- 
celerated by operation at high current 
densities. 

















Typical State of 
Systems Reactants prow canal Electrolyte temperature development Remarks 
Union Carbide (2) H2 + O2 Carbon Carbon KOH 20°-60°C Advanced Requires H2 free of CO and CO> 
Bacon (3) H2+ O2 Ni Ni KOH 200 °-240°C Advanced Requires 400 to 800 Ib /in.2; requires 
H2 free of CO and CO> 
Justi (4, 5) H2 + O2 Ni Ag KOH 20°-90°C Moderately Requires H2 free of CO and CO? 
advanced 
G.E. ion-exchange H2 + O2 Pt Pt Resin 20°-80°C Advanced No fluid electrolyte 
membrane (//) 
Fused carbonate H2 + O2 Porous Porous Alkali metal 400 °-600 °C Early Capable of operation on H2 contain- 
(14, 17, 18) metals metals carbonates ing CO and CO? 
Fused carbonates Hydrocarbon Porous Porous Alkali metal 500°-700 C Early Deterioration of electrodes and gas- 
(16-19) + O2 metals metals carbonates kets at high temperatures a problem 
Esso (20) © Hydrocarbon Porous Porous KOH 65 °-200 °C Early Problem of CO: rejection from electro- 
+ O2 carbon carbon lyte, not solved 
plus plus 
a catalysts catalysts 
Alcohol cells (5, 70) Alcohol Porous Porous KOH 20°-90°C Early Problem of CO> rejection from electro- 
+ O2 metals metals” - lyte, not solved 
Allis Chalmers Alcohol Pt Ag NaOH 20°-45°C Early Available in the form of student 
alcohol-peroxide + H202 demonstration kit; rather inefficient 
(0) 
Amalgam cell (22) Na(Hg) Steel Carbon NaOH 20°-70°C Moderately Expensive to operate 
+ O2 advanced 
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With porous metal electrodes the 
internal surfaces are hydrophilic, and 
an excess pressure must be maintained 
in the gas phase at the rear of each 
electrode to prevent the electrolyte from 
flooding all the pores of the electrode. 
Gas bubbles, however, should not be 
forced into the solution, since such 
bubbles would interfere with cell opera- 
tion. For this and other reasons, such 
porous metal electrodes are usually con- 
structed with a relatively coarse pore 
structure for most of the electrode and 
a fine-pore-structure layer on the side 
of the electrode facing the solution. A 
stable zone for the gas-liquid interfaces 
can be established within the pores in 
the transition region from the coarse- 
to fine-pore layers by maintaining an 
excess gas pressure behind the electrode. 
With this arrangement some fluctuations 
in pressure can be tolerated without the 
electrode flooding or gas bubbles being 
blown into the solution. 

The coarse and fine pores just de- 
scribed have radii in the range of 10° 
to 10° centimeter and often are referred 
to as macropores. In addition to the 
macropores, the electrodes used in 
hydrogen-oxygen cells have a micropore 
structure, involving pores principally of 
dimensions 10° to 10° centimeter. The 
micropore structure may be obtained 
either by coating the inside of the 
macropores with a microporous layer 
or by incorporating the microporosity 
within the material from which the 
electrodes are fabricated. The presence 
of the micropore structure within the 
electrodes greatly increases the solid- 
solution area where the electrochemical 
reactions occur. Very large internal 
areas often are required if the electro- 
chemical reactions are to be carried out 
at appreciable rates—that is, if appre- 
ciable currents are to be drawn from 
the electrochemical cells. 

Union Carbide hydrogen-oxygen cell. 
In the Union Carbide cell, hydrogen 
and oxygen (or air) are fed through 
porous carbon electrodes with concen- 
trated potassium hydroxide as_ the 
electrolyte. The catalysts incorporated 
in the porous carbon anodes are ex- 
tremely effective in catalyzing the elec- 
trochemical oxidation of hydrogen ac- 
cording to reaction 1, and hence, rela- 
tively little electrode polarization occurs 
at the hydrogen anode under operating 
conditions. The potential of the oxygen 
cathodes, however, deviates consider- 
ably from that expected for the four- 
electron reduction shown in reaction 3. 
Extensive laboratory studies (6) have 
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Fig. 1. Functional representation of a hy- 
drogen-oxygen fuel cell. 


demonstrated that the cathodic reduc- 
tion in this cell involves the formation of 
the perhydroxyl anion (HO:°) as an in- 
termediate, according to the reaction: 


O. + H:O + 2e->HO.- + OH- (4) 


Catalysts are incorporated in the cath- 
odes to decompose the peroxide as fast 
as it is formed, according to the reac- 
tion: 

Ho, S@ ,0H-+30. (5) 
The oxygen liberated during the chemi- 
cal decomposition of the hydrogen 
peroxide according to reaction 5 is 
utilized by the cathode in reaction 4, 
and hence, four equivalents of charge 
are obtained per mole of oxygen con- 
sumed by the cell. Thus, the over-all 


cathodic reaction is that given by reac- 


tion 2. The more effective the catalyst 
is for reaction 5, the closer the cell 
voltage should approach the thermo- 
dynamic value predicted on the basis 
of the over-all reaction for the cell 
(reaction 3). Much research has been, 
and continues to be, directed toward 
finding good catalysts for the peroxide- 
decomposition step. 

Water produced as a product in 
reaction 3 must be removed from the 
electrolytic solution within the cell as 
it is formed. The Union Carbide hydro- 
gen-oxygen cells are designed for 





operation at temperatures usually in the 
range of 40° to 60°C. In operation at 
relatively low power levels, sufficient 
water can be evaporated from the elec- 
trolyte directly through the porous 
electrodes. Unfortunately, most of this 
evaporation must occur through the 
porous carbon anode because water is 
produced at the anode but consumed at 
the cathode (see reactions 1 and 2). 
This necessitates the circulation of an 
excess of hydrogen gas past the rear 
of the anodes and the condensation of 
this water out of the hydrogen gas in 
a separate condenser prior to the re- 
circulation of the hydrogen to the 
anode. At moderately high power levels, 
evaporation of the water vapor directly 
through the porous electrodes may be 
insufficient to maintain a reasonable 
electrolyte concentration, and it may be 
necessary to circulate the electrolytic 
solution of the cell through an external 
evaporator to remove water formed by 
the cell reaction. Thus, a significant 
amount of auxiliary equipment is re- 
quired to operate the hydrogen-oxygen 
fuel cells. 

Figure 2 is a photograph of a hydro- 
gen-oxygen battery similar to one which 
the Union Carbide Consumer Products 
Company is developing under contract 
with the U.S. Signal Corps. The battery 
in Fig. 2 consists of 36 cells in series 
and has been designed to provide ap- 
proximately 200 watts at 28 volts in 
operation on air as the source of 
oxygen. The catalyst-impregnated semi- 
hydrophobic carbon electrodes of this 
battery are mounted parallel to each 
other, in an arrangement similar to that 
shown functionally in Fig. 1. The hy- 
drogen gas and the air are fed to the 
individual electrodes from manifolds at 
the ends of the battery, through a net- 
work of holes or channels in the plastic 
frames of the cells. Specific informa- 
tion is not available on terminal voltage 
in relation to current or the operating 
life of the battery in Fig. 2. Cells using 
similar carbon electrodes have been 
found capable of providing 0.90 volt at 
a current density (7) of 50 amperes 
per square foot in operation on pure 
hydrogen and oxygen, each at 1 atmos- 
phere, at 40°C. Furthermore, opera- 
tional life well in excess of 1 year has 
been obtained by Union Carbide with 
similar cells. 

Hydrogen-oxygen cells in which car- 
bon electrodes are used have been 
worked on by other groups, including 
Davtyan (8) in the U.S.S.R. and Justi 
(9) in Germany. None of these other 
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groups has developed its cells to the 
advanced state of the Union Carbide 
system. 

Bacon hydrogen-oxygen cell. Bacon 
(3) and his associates at Marshalls in 
Cambridge, England, have developed a 
hydrogen-oxygen cell which uses sin- 
tered nickel electrodes in a concentrated 
potassium hydroxide solution and oper- 
ates at temperatures from 200° to 
240°F and pressures of 400 to 800 
pounds per square inch. The macro- 
pores of the nickel cathodes in these 
cells are coated internally with a layer 
of microporous nickel oxide in which 
lithium has been incorporated as a 
doping agent. The macropores of the 
nickel anode are also coated with a 
microporous layer of nickel. Figure 3 
shows a Bacon battery consisting of 40 
cells in series, with each electrode ap- 
proximately 10 inches in diameter. 
Operation for up to 1500 hours has 
been achieved with cells of the type 
used in this battery. The gases are 
supplied to the rear compartment be- 
hind each electrode through a network 
of channels within the frames of the 
cells. The Bacon cells must be pre- 
heated to at least 150°C before sig- 
nificant power can be drawn from the 
cells, but self-generated heat should be 
sufficient to maintain temperature dur- 
ing normal operation. Operation of the 
Bacon cells on air rather than pure 
oxygen does not appear feasible because 
of the need to compress the gases fed 
to the cells. As with the Union Carbide 
hydrogen-oxygen cells, water may be 
removed from the cells as vapor pri- 
marily through the anodes. The much 
higher operating temperatures of the 
Bacon cells facilitate the removal of 
water in this manner. 

The battery shown in Fig. 3 is 
capable of supplying 3.2 kilowatts at 
32 volts and 100 amperes, or 5.7 kilo- 
watts at 24 volts and 240 amperes. 
During the past year, since the com- 
pletion of this battery, Bacon and his 
colleagues have improved the perform- 
ance of individual cell units by a con- 
siderable amount. With the introduction 
of these new improvements it should be 
possible to obtain up to twice as much 
power with the same size battery. The 
Bacon cell appears to have the highest 
power per unit weight er volume of any 
of the hydrogen-oxygen cells now avail- 
able. 

The Bacon cell is presently being 
worked on in the United States by the 
Patterson-Moos Research Division of 
the Leesona Corporation, the U.S. 


20 OCTOBER 1961 


Fig. 2. 
Products Company] 


licensee. The work of Bacon and his 
associates in England, however, appears 
to have been discontinued at this time. 

Justi hydrogen-oxygen cell. Justi (4, 
5) and his associates at Braunschweig, 
Germany, have developed a hydrogen- 
oxygen cell, using hydrophilic, porous 
silver cathodes and _ porous nickel 
anodes in a concentrated potassium 
hydroxide electrolyte. Justi obtains ex- 
tremely high catalytic activity in his 
electrodes by using Raney metals in 
their preparation. The cells can be op- 
erated from room temperatures to tem- 
peratures in excess of 90°C at atmos- 


The Union Carbide hydrogen-oxygen cell. 





[Courtesy Union Carbide Consumer 


pheric pressure. The open-circuit 
voltage at room temperature is approxi- 
mately 1.1 volts, while current densities 
of the order of 100 amperes per square 
foot have been obtained at terminal 
voltages of 0.90 volt. Single cell units 
have been operated for more than a 
year with no apparent loss in operating 
characteristics. At this time, informa- 
tion on operating characteristics is 
available only for relatively small labo- 
ratory units. 

Other groups which have developed 
hydrogen-oxygen cells with porous- 
metal electrodes and caustic solutions 





Fig. 3. The Bacon hydrogen-oxygen cell. [Courtesy F. Bacon] 
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include the Electric Storage Battery 
Company and the Allis Chalmers Manu- 
facturing Company (/0). In 1959 Allis 
Chalmers powered a tractor with such 
cells. The power plant consisted of 
1008 individual cells with a total out- 
put of 14 kilowatts. The cells were 
of the type of construction shown in 
Fig. 1 and had a cross section of 1 
square foot. Each cell provided 0.7 
volt at 20 amperes per square foot at 
a temperature of 150°F. The original 
announcement concerning the fuel-cell- 
powered tractor indicated that the cells 
operated on propane or a_ propane- 
hydrogen mixture. In a recent paper 
(10) on this power plant, however, the 
cells were described as operating on 
hydrogen, with no indication that they 
operated on propane or any other hy- 
drocarbon. Thus, the electrochemical 
oxidation of hydrogen, rather than pro- 
pane, appears to have been the principal 
source of power for the tractcr. The 
Allis Chalmers tractor is historically 
significant, however, as the first large- 
scale mobile machine to be powered by 
a fuel cell, even though the source of 
power appears to have been hydrogen 
rather than propane. The tractor re- 
cently has been transferred to the 
Smithsonian Institution. 

General Electric ion-exchange mem- 
brane cell. This cell (J/) differs dras- 
tically from the hydrogen-oxygen cells 
just described in that the electrolyte is 
an ion-exchange resin and not a liquid. 
While anionic-type resins can be used, 
the best results have been obtained so 
far with cation-exchange resins in which 
the conducting species is the hydronium 
ion (H:O*) and the anions are im- 
mobile. The membrane, with a thick- 
ness of 0.6 to 0.8 millimeter, is sand- 
wiched between two porous metal 
electrodes containing catalysts (for ex- 
ample, platinum and palladium) for 
promoting the electrode reactions with 
a minimum of electrode polarization. 
These cells are capable of operating 
with either pure oxygen or air fed 
through the cathodes. The open-circuit 
voltage, on hydrogen and either pure 
oxygen or air at atmospheric pressure, 
is approximately 1.05 volts at room 
temperatures and drops to 0.81 volt at 
20 amperes per square foot on oxygen, 
and 0.72 volt at 20 amperes per square 
foot on air. While these current den- 
sities are somewhat lower than those 
obtained with most present-day hydro- 
gen-oxygen cells, this factor is offset 
by the thin ceil construction possible 
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with the membrane cell. Operation of 
these cells appears feasible at tempera- 
tures from 0° to 100°C. 

The electrode reactions and the over- 
all cell reaction in the General Electric 
cell with the cation-exchange resins are 
as follows: 


Anode: 2H: + 4H-O—4H;0+ + 4e- (6) 
Cathode: O. + 4H;0* + 4e°-—6H:O (7) 
Cell: 2H. + O:—2H:O (8) 


While the over-all cell reaction is the 
same as for the other hydrogen-oxygen 
cells, the electrode reactions differ. In 
this cell, water is produced at the 
oxygen cathode and consumed at the 
hydrogen anode, in contrast to the situ- 
ation for hydrogen-oxygen cells with 
alkaline electrolytes. 

A major advantage of the membrane 
cell is that water removal is simple, 
since water tends to form as droplets on 
the rear surface of the cathode during 
operation and can be either drained off 
or evaporated away. In fact, care must 
be taken not to dehydrate the resin, 
since the electrical resistance of the 
membrane decreases drastically when 
the water absorbed in the membrane 
decreases below a critical level. In op- 
eration on air it is desirable to maintain 
the relative humidity of the air at least 
at 25 percent to prevent excessive de- 
hydration of the membrane. Of the 
various fuel-cell systems developed as 
of this date, the membrane system ap- 
pears to require the least auxiliary 
equipment for its operation. 

General Electric is currently develop- 
ing a portable 200-watt, 24-volt system 
for operation on air for the U.S. Navy 
and the Army Signal Corps. Preliminary 
models of this power package are sched- 
uled for delivery this year. The battery 
consists of 35 cells in series connection, 
each cell having the dimensions 9 by 
14 by % inches. The complete system 
(Fig. 4) is expected to weigh 55 
pounds, including all auxiliaries and a 
sufficient chemical source of hydrogen 
(metal hydride reacting with water) for 
operation on air at 200 watts for 24 
hours. With replacement of the chemi- 
cal source of hydrogen gas, continuous 
operation for up to 2000 hours should 
be possible. Single-cell units of smaller 
size have been run continuously by 
General Electric for periods of almost 
2 years. 

Other hydrogen-oxygen cells. The 
General Electric Company (J2) has 
also worked on the development of a 


redox cell in which the chemical reac- 
tions for the continuous-feed cells are 
regenerated from cell products external 
to the cell by chemical reactions with 
hydrogen gas and oxygen gas or air. 
The reactions are as follows: 


Electrochemical reactions. 
Anode: 2Ti* + 2H:;0—> 


2TiO** + 4H* + 2e- (9) 
Cathode: Bre + 2e-—>2Br- (10) 
Cell: 21r + Br. + 2H:O—> 

2Br- + 2TiO** + 4H* (11) 


Regeneration reactions. 
2H, + 4TiO** + 4H*—4Ti* + 4H:O (12) 
O: + 4Br- + 4H*—>2Br: + 2H:0 (13) 


Over-all reaction. 
2H: + O.—>2H:0 (14) 


The electrolyte of the cell is concen- 
trated sulfuric acid plus the reactants 
and products indicated in reactions 9 


and 10. The major advantage of the 


redox system is the possibility of using 
hydrogen containing impurities (par- 
ticularly CO and CO:) which would 
be harmful in the other hydrogen- 
oxygen cells involving alkaline electro- 
lytes. Unfortunately, technical compli- 
cations have impeded the development 
of this and related systems involving 
such redox reactions. 

It is interesting to note that Rideal 
and Posner (J3) in England have at- 
tempted to regenerate the anodic reac- 
tants for a redox cell through the use 
of coal at somewhat elevated temper- 
atures in an arrangement similar to that 
described for the hydrogen-oxygen 
redox system of General Electric. Only 
a small portion of the coal could be 
oxidized in this manner, however. 

Hydrogen-oxygen cells operating at 
high temperatures (> 400°C) with 
fused alkali metal carbonates have re- 
ceived attention both here (14-16) and 
in other countries (J7-18) including 
the U.S.S.R. (8, 19). The reaciions in 
these cells are as follows: 


Anode: 2H: + 2CO;-—> 


2H:0 + 2CO: + 4e7 (15) 
Cathode: O: + 2CO. + 4e°-—>2CO;- (16) 
Cell: 2H: + O:—>2H:0 (17) 


While carbon dioxide is formed at the 
anode, the same amount of carbon 
dioxide must be introduced with the 
oxygen to the cathode. The transfer of 
anodicaliy formed carbon dioxide to the 
cathode is not a simple operation. 
Three types of fused carbonate hy- 
drogen-oxygen cells are under inves- 
tigation. In one type, porous metal 
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electrodes are placed in contact with 
the fluid fused carbonate electrolyte in 
an arrangement similar to that shown 
in Fig. 1. In the second type, the fused 
carbonates are contained within a 
porous ceramic disk with thin porous 
metal electrodes attached to the oppo- 
site sides of the disk. Thermal cracking 
of these disks, however, is a common 
occurrence, and this has prompted 
Broers at the University of Amsterdam 
to propose a third method of construc- 
tion involving the use of an alkali 
metal carbonate-magnesium oxide paste 
placed between two porous metal elec- 
trodes. 

These high-temperature cells are 
capable of operating on either H: or 
H:—-CO mixtures, but their development 
has been delayed by such undesirable 
features as rapid degeneration of cell 
components at high temperatures, the 
need to supply carbon dioxide in the 
oxygen feed, and relatively low power 
output per unit weight. 

Hydrocarbon-consuming fuel cells. 
Potentially by far the most important 
fuel cells are those consuming hydro- 
carbons such as natural gas or oil. Un- 
fortunately the electrochemical oxida- 
tion of hydrocarbons is much more 
difficult to accomplish than the electro- 
chemical oxidation of hydrogen. 

Fused alkali metal carbonate cells 
have been operated on hydrocarbons 
such as propane (/6, /7) and gasoline 
(/9) at temperatures above 500°C. 
Such operation usually has been ob- 
tained only for a few days and, in 
many cases, a few hours before the 
failure of cell components, primarily 
because of the high temperatures. Satis- 
factory gaskets are yet to be found. 
The development of practical, high- 
temperature cells operating on readily 
available hydrocarbons appears to be 
at least 10 years in the future. 

Through electrochemical oxidation of 
a hydrocarbon in an aqueous cell at 
moderately low temperatures, complica- 
tions associated with high-temperature 
operation would be avoided. The Esso 
Research and Engineering Company 
(20) has reported the developm: it 
of a small laboratory cell which can 
operate on ethane, propane, or ethylene 
with a concentrated aqueous potassium 
hydroxide electrolyte and a_ porous 
oxygen cathode at temperatures of 65° 
to 200°C. With ethane, the electron 
yield has been found to be 13.8 elec- 
trons per molecule consumed as com- 
pared with the theoretical value of 14. 
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Fig. 4. The General Electric ion-exchange 
membrane cell. [Courtesy General Elec- 
tric Company } 


The products of the oxidation of the 
ethane are carbon dioxide (97 mole- 
percent) and formate (3 mole-percent). 
Intermittent operation for up to 500 
hours has been obtained without any 
indication of. electrode deterioration. 
Only low current densities (7 amp/ft>) 
can be drawn from the cell at reason- 
able voltages in sustained operation, 
according to information released by 
Esso (20). Nevertheless, the electro- 
chemical oxidation of hydrocarbons at 
low temperatures in the Esso cell is a 
major step toward the final development 
of practical hydrocarbon-consuming 
fuel cells. 

A complication associated with the 
use of alkaline electrolytes for cells 
involving the oxidation of organic com- 
pounds is the accumulation of carbo- 
nates within the solution. After a brief 
period of operation, the concentration 
of the carbonates increases to the point 
where they precipitate out of solution. 
Thus, it is necessary to replace the 
alkaline electrolyte or to remove chemi- 
cally the carbonates from the electro- 
lytic solution; neither of these steps 
appears practica! from an economic 
standpoint. The carbon dioxide formed 
as a product in the oxidation of organic 
compounds would not accumulate 
within the solution in the cell if the 
solution were acid. Considerable ques- 
tion, however, exists as to whether the 
hydrocarbon anodes or the oxygen 
cathodes can be operated at appreciable 
current densities in other than highly 
alkaline solutions. Another suggestion 
has been to use a carbonate-bicarbonate 
electrolyte at temperatures close to the 
boiling point of the electrolyte. Under 
these conditions, the carbon dioxide 
could also be removed from the solu- 
tion as a gas. With this electrolyte, 
however, the cells are likely to be 
limited to relatively low power densities 


because of kinetic factors and complica- 
tions associated with mass transport in 
the solution (2/). 

Alcohol-consuming cells. Many in- 
dustrial and academic groups both in 
the United States and in Europe have 
been working on fuel cells that consume 
alcohols—particularly methanol. Alco- 
hols can be oxidized electrochemically 
all the way to carbon dioxide with suffi- 
ciently catalytically active electrodes. 
Most of the alcohol-consuming cells 
use porous metal oxygen cathodes and 
operate with concentrated potassium 
hydroxide as the electroiyte, at 40° 
to 100°C. In operation on ethylene 
glycol, Spengler and Gruneberger (5) 
of Ruhrchemie AG (Germany) have 
reported obtaining 200 amperes per 
square foot at a cell voltage of 0.75 volt 
at 80°C, in sustained operation. 

The Allis Chalmers Manufacturing 
Company (/0) has developed a meth- 
anol—hydrogen-peroxide-consuming cell 
which they have been selling in the 
form of a demonstration kit (the only 
fuel cell commercially produced today). 
This cell uses silver-plated nickel elec- 
trodes for the cathodic reaction, in- 
volving the reduction of hydrogen 
peroxide, and platinum-plated nickel for 
the anodic reaction, involving the oxida- 
tion of methanol in a _ concentrated 
potassium hydroxide solution. The 
voltage is quite low (0.3 volt at 60 
amp/ft?), and much of the hydrogen 
peroxide reacts directly with the 
methanol without providing useful elec- 
trical energy. This cell is recommended 
for high school students who wish to 
construct fuel cells because it avoids 
the use of the relatively complicated 
porous electrode systems which are re- 
quired for gaseous reactants. 

None of the alcohol-consuming cells 
presently available appear to have any 
substantial commercial or military sig- 
nificance, since the carbon dioxide 
formed as a cell product accumulates 
within the highly alKaline electrolytic 
solutions in the form of carbonate, with 
resulting complications much the same 
as with the hydrocarbon-consuming 
aqueous cells. Cells operating with car- 
bon-dioxide-rejecting electrolytes are yet 
to be developed. 

The sodium amalgam-oxygen cell. 
Sodium metal is ordinarily far too reac- 
tive for use directly as an electrode in 
an aqueous electrolyte. Liquid sodium 
amalgam, however, is much less reactive 
and has been used successfully in con- 
tinuous-feed cells (22) with an oxygen 


1183 








cathode in a concentrated sodium hy- 
droxide solution at temperatures from 
20° to 80°C. The -zeactions are as 
follows: 


Amalgamation: 4Na + 4xHg—> 


4Na(Hg). (18) 

Anode: 4Na(Hg).—4Na’* + 4xHg + 4e 
(19) 
Cathode: O. + 2H:O + 4e-—40H- (20) 


Over-all: 4Na + O. + 2H,O—4Na0OH (21) 


The liquid sodium amalgam is allowed 
to flow down the surface of a vertical 
steel plate in an arrangement of the 
type shown in Fig. 5. The oxygen 
cathode may consist of either a porous 
carbon electrode or a porous metal 
electrode, similar to those used in the 
hydrogen-oxygen cells. In contrast to 
all of the other systems described previ- 
ously, this cell makes its own electrolyte. 
In addition to sodium and oxygen, 
however, water is required as a reactant. 
Sea water has been used directly, and 
successfully, without the removal of any 
of the mineral constituents prior to its 
introduction into the cell. The sodium 
hydroxide produced by the cell reaction 
can either be discarded directly or used 
for other chemical processes. 

The sodium amalgam-oxygen cell 
provides a considerably higher voltage 
(for example, 1.50 volts at 150 
amp/ft*) than any of the other con- 
tinuous-feed cells described in this 
article and is capable of operating at 
power densities approaching those of 
the Bacon cell. Furthermore, only 
three-fifths as much oxygen is required 
per unit energy output as with hy- 
drogen-oxygen cells—a decided advan- 
tage in applications where atmospheric 
oxygen is not available. The sodium 
amalgam-oxygen cell is also capable of 
operating at reasonable current densities 
on air. 

The production of electrical power 
with this system is expensive (of the 
order of $0.25 per kilowatt-hour) be- 
cause of the use of sodium. Further- 
more, the auxiliary equipment required 
for the operation of the system is 
relatively complicated. Some consider- 
ation is being given to the use of the 
sodium amalgam-oxygen cell for mili- 
tary applications. In addition, a pos- 
sible application exists in the alkali- 
chlorine industry. At-the present time, 
large quantities of sodium amalgam 
produced during the electrolysis of brine 
are allowed to react with water to pro- 
duce caustic without providing any 
electrical energy. The use of the sodium 
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amalgam cell makes it possible to pro- 
duce caustic from sodium amalgam 
while obtaining electrical energy. 

The sodium amalgam-oxygen system 
was criginally developed at Western 
Reserve University (22) in 1955 and 
has been subsequently worked on by 
the Union Carbide Corporation and 
the M. W. Kellogg Company under 
contract with the U.S. Government. 

Biochemical fuel cells. Several groups 
including the U.S. Geological Sur- 
vey and Joseph Kay and Company, 
Inc., are reported (23) to be working 
on biochemical systems as sources of 
electrical energy in the form of fuel 
cells. The biochemical fuel cell under 
development by Fred Sisler of the Geo- 
logical Survey consists of two sections 
containing inert electrodes. In_ the 
anodic section, in sea water, is a mix- 
ture of organic matter (the fuel) and 
bacteria (a source of enzymes for the 
catalytic electrochemical oxidation of 
the fuel). The cathodic section consists 
of an oxygen cathode. No information 
is available as to the projected operat- 
ing characteristics for a cell of this 
type. The idea of such a fuel cell, 
however, is quite intriguing since it 
may provide a means for deriving en- 
ergy from waste organic matter which 
cannot be utilized effectively by any 
other means (for example, corn cobs, 
sawdust, and even sewage). 


Applications 


Many applications exist for a reli- 
able, low-cost fuel cell operating on a 
practical fuel such as oil or natural gas. 
While definite progress is being made 
toward the development of such cells, 
they are not likely to become available 
in less than 10 years. Of particular sig- 
nificance is the potential use of fuel 
cells operating on hydrocarbons, or 
possibly methanol, in automobiles, 
trucks, and locomotives. If such appli- 
cations do become widespread, the 
effect on various industries within the 
United States would: be extreme. The 
benefits, other than economic, to be 
derived from such developments include 
freedom from noise and probably from 
the obnoxious exhaust gases associated 
with conventional engines. 

Development of central power plants 
operating with fuel cells as the main 
source of power appears unlikely for 
some time to come because of economic 
factors. The conversion of the low- 
voltage direct-current power provided 





by fuel cells to the high-voltage alter- 
nating-current power required for dis- 
tribution is likely to prove expensive 
in terms of initial investment for the 
foreseeable future. Furthermore, in the 
United States fuel cells operating on 
hydrocarbon fuels are not likely to be 
competitive economically with more 
conventional, turbogenerating equipment 
operating on low-cost coal, even though 
the efficiency is higher for the fuel-cell 
system. No fuel cells currently under 
development appear capable of operat- 
ing directly on coal. 

The only type of fuel cell which is 
likely to become readily available for 
nonmilitary use during the next five 
years is the hydrogen-oxygen cell. Ap- 
plications for these cells are quite 
limited because of the relative imprac- 
ticality of hydrogen as a fuel in many 
applications. 
store, either cryogenically or as a com- 
pressed gas. 

The cheapest source of hydrogen 
presently available is the reaction of 
coal or hydrocarbons such as natural 
gas with water. Hydrogen produced 
in this way, however, usually contains 
significant amounts of carbon mon- 
oxide and carbon dioxide unless some- 
what expensive steps are taken to 
remove these chemicals. With the ex- 
ception of the General Electric ion- 
exchange membrane cells, all of the 
hydrogen-oxygen cells in advanced 
stages of development have alkaline 
electrolytes and hence require hydrogen 
relatively free of carbon monoxide and 
carbon dioxide to avoid the accumula- 
tion of carbonates within the electrolytic 
solution. While the General Electric 
membrane cell does not accumulate 
carbonates, some question exists as to 
whether the precious metal catalysts in 
this cell will be progressively poisoned 
by impurities such as sulfides and 
carbon monoxide. 

Nonmilitary applications for hydro- 
gen-oxygen cells appear to be limited. 
These cells may find some application 
as sources of power in such devices as 
lift trucks and mine locomotives where 
fumes associated with conventional 
combustion engines cannot be tolerated 
and where compressed hydrogen cyl- 
inders may be satisfactory as a source 
of hydrogen for the cells. These hydro- 
gen cylinders could be recharged rela- 
tively easily with hydrogen produced 
chemically or electrochemically. Hydro- 
gen-oxygen cells may also be of sig- 
nificance for power generation in 
instances where low-cost, relatively pure 
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Fig. 5. Schematic drawing of the sodium 
amalgam-oxygen (22). 


hydrogen is produced as a by-product 
of other chemical processes. 

A number of military applications are 
being contemplated for fuel cells at the 
present time, and this accounts to a 
considerable degree for the large amount 
of research and development work in 
progress on fuel cells in the United 
States relative to the activity in other 
countries. These particular applications 
range from use of the cells in small 
portable power packs capable of being 
carried by a single person to use in 
large power plants for submarine pro- 
pulsion. Some consideration has been 
given to the use of hydrogen-oxygen 
cells for auxiliary power in space ve- 
hicles. The hydrogen and oxygen would 
either be carried cryogenically or pro- 
duced chemically by reactions involving 
chemicals of low molecular weight. The 
practicality of such applications remains 
to be evaluated. 

Closed-cycle operations. Fuel cells 
are being considered for use as com- 
ponents in various types of closed-cycle 
systems. In these cycles the cell reac- 
tants are regenerated from the cell 
products. The various methods for re- 
generating cell reactants may be classi- 
fied as follows: (i) chemical, (ii) elec- 
trochemical, (iii) photochemical, (iv) 
radiochemical, and (v) thermal. The 
General Electric redox system is an 
example of a closed-cycle system in- 
volving chemical regeneration. 

Electrochemical regeneration is of 
interest as a means of storing electrical 
energy. Consideration (5, 24) is being 
given to the use of hydrogen-oxygen 
cells in such a closed cycle. Water 
would be electrolyzed in a high-pressure 
electrolyzer during times of excess 
electrical power, and the hydrogen gas 
would then be stored either in tanks 
or in porous rock strata such as are 
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available in areas of the world. where 
there are exhausted natural-gas wells. 
When power is subsequently required, 
the hydrogen would be consumed in 
hydrogen-oxygen cells. Oxygen can 
either be stored or obtained from air. 
The electrolysis operation and the sub- 
sequent power generation probably can- 
not be accomplished with the same cells, 
although attempts to do this are being 
made. The efficiency of such an energy 
storage system is likely to be less than 
60 percent because of the relatively 
large difference between the voltage re- 
quired to electrolyze water and the 
voltage of the operating hydrogen- 
oxygen cells. Such energy storage sys- 
tems might be of particular interest in 
applications where the availability of 
hydroelectric power varies considerably 
on a seasonal basis because of variations 
in rainfall, and where the capacity of 
water-storage reservoirs is inadequate. 

The closed cycle involving photo- 
chemical regeneration is illustrated by 
a system in which hydrogen and oxygen 
required for a low-temperature hydro- 
gen-oxygen fuel cell are produced 
photochemically by means of solar 
energy from water derived from the 
cell. The dissociation of the water with 
sunlight is relatively inefficient, even 
with the best known catalyst added to 
the water to promote photochemical 
dissociation. The U.S. Government is 
currently sponsoring the study (25, 26) 
of various photochemical regeneration 
systems for possible space-vehicle appli- 
cations. One of the more promising 
cycles involves the photodissociation of 
nitrosyl chloride to yield NO + Ck, 
which would then be fed to a continu- 
ous-feed cell operating on these gases 
(25): 

The radiochemical closed cycles are 
similar to those involving photo- 
chemical regeneration, except that the 
source of radiation is a radioisotope or 
nuclear reactor. Rosenblum and English 
of the National Aeronautics and Space 
Administration (27) have considered 
the use of a hydrogen-oxygen fuel cell 
with the reactant gases produced by 
the decomposition of water with a 
radioisotope such as the alpha emitter 
polonium-210 (t, = 138 days) for 
space-vehicle applications. In the pro- 
posed system, water is first dissociated 
to yield "H: and H:O:. The H: gas is 
liberated readily from the water in view 
of its low solubility, while the H:O: in 
solution is passed into a separate vessel 
in which it is catalytically decomposed 
to yield O:. The H: and O: are then 


fed into the fuel cell. The electrolytic 
solution from the fuel cell is subse- 
quently passed through a radiator to 
dissipate heat and is then recycled to 
the radiation chamber. This particular 
system does not appear to be com- 
petitive on a power-per-unit-weight basis 
with other power sources, such as a 
solar battery, in space-vehicle applica- 
tions. 

The Union Carbide Corporation is 
developing a closed-cycle system in 
which the electrochemical cells operate 
on H: (anodic reactant) and Fe* 
(cathodic reactant) generated by the 
irradiation of oxygen-free acidified fer- 
rous sulfate solution with alpha-rays. 

Several types of thermal closed cycles 
(28) involving fuel cells have been 
proposed for the generation of elec- 
trical energy from heat derived from a 
thermal source such as a nuclear reac- 
tor. The most important of these is a 
cycle in which the reactants for the fuel 
cell are obtained by heating the 
products of the cell reaction to a tem- 
perature sufficient to produce dissocia- 
tion. The upper limit for the theoretical 
thermal efficiency of such a system is 
set by the Carnot cycle equation 
(Eq. 1). Advantages which are antici- 
pated for such thermal electrochemical | 
converters are, (i) relatively high effi- 
ciency for the conversion of thermal 
to electrical energy, (ii) a minimum of 
machinery, particularly of machinery 
operating in high-temperature environ- 
ments, and (iii) ultimate simplicity. 

Several specific systems have been 
proposed for the simple thermal dis- 
sociation cycle. The one that is 
receiving the most effort is the Li-H: 
system, originally proposed by the 
Mines Safety Appliance Research Cor- 
poration (29). The reactions are as 
follows: 


Anode: 2Li—2Li* + 2e- 
Cathode: H: + 2e°-—2H- 

Cell: 2Li + H.—2LiH 
Regeneration: 2LiH—2Li + H:} 


The electrochemical cell is operated at 
a temperature of approximately 450°C 
with a fused LiF-—LiCl eutectic as the 
electrolyte. The regeneration of the lith- 
ium hydride is accomplished at a tem- 
perature of approximately 1000°C. The 
theoretical upper limit (Carnot) for 
the efficiency cannot exceed 50 percent; 
the actual efficiency is likely to be much 
less. The U.S. Government is currently 
sponsoring research on this system for 
possible space-vehicle applications. 
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Many technical problems, primarily 
relating to the high operating tempera- 
tures, must be overcome before such 
systems find application. 
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The Cambridge 


Electron Accelerator 


This 6-billion-volt machine will be the 
world’s highest energy electron synchrotron. 


M. Stanley Livingston and William A. Shurcliff 


By the autumn of 1961, if all goes 
well, the family of great accelerators 
will be joined by a new member: the 
Cambridge Electron Accelerator 
(CEA). The newcomer differs from 
the mammoth proton accelerators at 
CERN and Brookhaven in that it will 
produce high-energy electrons. The 
electron is the lightest of all charged 
particles and can be accelerated to 
especially high velocity. In the Cam- 
bridge machine the electrons will reach 
a speed virtually indistinguishable from 
that of light itselfi—a speed of 0.999,- 
999,996 c (c is the velocity of light). 
A more meaningful measure is the 
electron energy, which will be 6 billion 





Dr. Livingston is professor of physics at 
Massachusetts Institute of Technology, Cam- 
bridge, and director of the Cambridge Electron 
Accelerator. Dr. Shurcliff is a member of the 
CEA design and supervisory staff. 
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electron volts (6 Bev)—five times high- 
er than that available from any existing 
electron accelerator. Another interest- 
ing property is the electron mass, which 
will be increased to nearly 12,000 
times the rest mass, or to a value six 
times greater than the mass of a pro- 
ton. (Ponderizer might be a more 
descriptive name than accelerator.) 
This machine will also produce 
higher intensities than other multi-Bev 
accelerators. Thanks to the fast cyclic 
repetition rate of 60 cycles per second, 
the number of 6-Bev electrons produced 
per second will be about 6 x 10”, 
equivalent to an average current of 1 
microampere. Since the product of cur- 
rent and voltage is power, the average 
power in the electron beam will be 6 
kilowatts. With such high electron 
energy and beam intensity available, 
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experimenters will be able to explore 
a new range of phenomena in particle 
physics. 

The CEA is jointly sponsored by 
Massachusetts Institute of Technology 
and Harvard University and is sup- 
ported by the U.S. Atomic Energy 
Commission. Unlike other large accel- 
erators, built in large open areas at the 
national laboratories, the CEA is lo- 
cated in the heart of a university, in 
close proximity to the Harvard physics 
buildings and libraries (Fig. 1). Thus 
it will be readily available to the 
faculties and students. Senior staff mem- 
bers of the CEA hold appointments 
from the universities and cooperate in 
the research and teaching programs. As 
one of the major accelerator research 
facilities of the country, the CEA will 
be available for use by qualified visiting 
scientists from other institutions here 
and abroad. 

The operating policies are guided 
by a joint M.I.T.-Harvard committee 
composed of administrative and scien- 
tific representatives of the two institu- 
tions. Detailed planning began in April 
1956. Site excavation was started in 
November 1957, with a ceremony in- 
volving a twin-handled shovel jointly 
wielded by President Julius A. Stratton 
of M.I.T. and President Nathan M. 
Pusey of Harvard. A laboratory staff 
has been assembled, with representa- 
tives from many countries. A labora- 
tory report (J) summarizes the basic 
design principles and gives the names 
of many of the persons who have 
contributed. 
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Particle Physics 


The field of research serviced by 
these giant machines is called “particle 
physics.” It is the study of the proper- 
ties of the fundamental particles—the 
protons, neutrons, and electrons of 
which matter is made—and of the 
laws of force and particle interaction 
that make these particles stable and 
other forms of matter unstable. The 
concentrated, intense beams of high- 
energy particles from accelerators are 
used as probes for studying these 
properties. At Bev energies the probes 
are extremely “sharp,” capable of 
penetrating to within collision distances 
smaller than the dimensions of single 
particles, and thus able to disclose de- 
tails of their structure. 

At these energies, unstable particles 
are formed which represent “excited 
states” of matter, such as the several 
types of mesons (intermediate, in mass, 
between electrons and protons) and 
the several types of hyperons (greater 
in mass than protons or neutrons). 
The excess mass of these short-lived 
states of matter is supplied by the kinetic 
energy of the bombarding particles. 
Of great interest, also, are the “anti- 
particles”; it now appears that each 
normal particle has its antiparticle, and 
that matter and antimatter form a 
symmetrical pattern. A newly created 
antiparticle, after being slowed down, 
“annihilates” with a normal twin, and 
the mass energy of the two particles is 
transformed into the kinetic energy of 
the resulting photons or other second- 
ary particles. 


Why Electrons? 


High-energy electrons can do many 
things that protons cannot do. One of 
the basic areas of research in particle 
physics has been the study of the dis- 
tribution of mass, charge, and magnetic 
field inside single particles by scatter- 
ing electrons from simple targets. In 
recent years such experiments have 
been performed with the 0.7-Bev linear 
accelerator at Stanford University and 
the 1.2-Bev synchrotrons at Cornell 
University and at California Institute 
of Technology. The much higher energy 
of the Cambridge machine will extend 
these studies and should improve the 
resolution; crucial experiments lie just 
beyond the energy limits of the exist- 
ing accelerators. One specific goal is 
the determination of the electric form 
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factor and the magnetic form factor 
of the proton and the neutron. 

Electron scattering experiments are 
of especially great value since electrons 
exert—traditionally—only central forces 
(forces that depend solely on distance 
of separation and not on orientation). 
Protons exert central forces and also 
noncentral forces; the latter depend on 
the orientation (polarization) of the 
bombarding particles and the target 
particles. Since the dependence is com- 
plicated and not fully understood, the 
different, and presumably simpler, 
evidence from electron scattering ex- 
periments should aid significantly in 
the interpretation of the complex 
nuclear force. 

A beam of 6-Bev electrons is a 
superlative tool for producing high- 
energy photons (“bremsstrahlung” x- 
rays) from any target. This bremsstrah- 
lung radiation is a continuous spec- 
trum extending up to the maximum 
energy of the electrons. Calculations 
suggest that one photon of between 5- 
and 6-Bev energy will be emitted for 
every ten electrons striking the target. 
The angle of projection of the photons 
is limited to a very narrow cone in the 
forward direction; the angle is so small 
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that the spread amounts to less than 
one inch in a 100-foot run. 

The photon beam can be used for 
a variety of experiments not possible 
with proton accelerators. An example 
is the photoproduction (from targets 
consisting, say, of hydrogen) of pairs 
of mesons, hyperons, and other parti- 
cles. Photoproduction is theoretically 
simpler to analyze than proton-proton 
interactions (which also produce parti- 
cle pairs), since it involves the known 
electromagnetic field interaction. The 
several types of short-lived particles, or 
excited states, will be produced in 
much greater abundance than is possi- 
ble at lower energies. The 6-Bev energy 
is sufficient for production of all known 
particles, in the form of pairs, except 
the heaviest—the X hyperon; X parti- 
cles can be produced singly in alterna- 
tive processes. Study of photoproduc- 
tion reactions will add vital new in- 
formation about the interparticle 


forces. The secondary particles them- 
selves will have quite high energies 
and hence can be studied effectively. 

Specialists in the field of quantum 
electrodynamics are eagerly awaiting 
the results of one particular type of 
photo- 


photoreaction—namely, _ the 
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Fig. 1. The general layout of the Cambridge Electron Accelerator. The circular orbit 
is 236 feet in diameter and is 10 feet below ground level. The experimental hall is as 


large as a football field. 
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Fig. 2. A portion of the circular array of 48 magnets. Each magnet is 12 feet long and 





weighs 6 tons. Above the magnets are the radio-frequency waveguides. 


production of pairs of positive and 
negative muons (, mesons). Experi- 
ments performed with existing accelera- 
tors suggest that muons are generally 
similar to electrons (except as regards 
mass and lifetime) and obey the same 
quantum electrodynamical laws that 
electrons obey. The question is: Will 
this similarity persist even when multi- 
Bev energies are employed—that is, 
when the collision distances are less 
than 2 x 10°“ centimeter and hence 
are less than the diameter of the elec- 
tron itself? Is there an energy at which 
the well-established laws of quantum 
electrodynamics break down? 


Design Principle 


The Cambridge Electron Accelerator, 
like other synchrotrons, operates on 
the principle of phase-stable syn- 
chronous acceleration at constant radi- 
us, a principle analogous to that of the 
synchronous electric motor. Particles 
follow a circular orbit in a magnetic 
field and gain energy in varying 
amounts from radio-frequency electric 
fields applied at accelerating gaps 
around the orbit. A particle crossing 
a gap at the ideal moment—that is, at 
the “synchronous phase” of the radio- 
frequency wave—receives the correct 
acceleration, hence arrives at the next 
gap at the ideal moment. The 
momentum of such a particle increases 
at just the right rate to match the in- 
crease in magnetic field strength; thus, 
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the diameter of the orbit remains un- 
changed. Particles that fall behind the 
synchronous phase receive less energy 
and catch up with the synchronous 
particles; those that lead in phase get 
more energy and fall back. (Paradoxi- 
cally, the only way a very fast electron 
(v =c) can catch up in phase is to 
slow down physically. When going 
more slowly it travels in an orbit of 
smaller diameter and hence completes 
one turn in shorter time.) Individual 
particles oscillate about the synchro- 
nous phase: the oscillations are gradu- 
ally damped and the electrons become 
“bunched” about the correct phase. 
The main components of the CEA 
are the preaccelerator, the ring of 48 
magnets forming a circular orbit, and 
the radio-frequency system for accelera- 
tion. Operation is cyclic, at a frequency 
of 60 cycles per second. In each cycle 
a pulse of electrons from the preac- 
celerator is inflected into the orbit 
when the strength of the magnetic field 
is low. As the field strength increases, 
the electrons are accelerated by the 
radio-frequency system to higher and 
higher energy. When the field strength 
reaches its maximum value and the 
electrons have attained their maximum 
energy, they are diverted toward a 
target adjacent to the orbit (or are 
ejected for use in the experimental 
hall). The magnetic field strength then 
returns to zero, and the cycle repeats. 
The result is a sequence of short bursts 
of high-energy electrons. Each group 
makes about 10,000 trips around the 





ring in an elapsed time of 1/120 sec- 
ond (0.008 sec); the period of a single 
revolution is 0.7 microsecond. 

The preaccelerator, or linac, pro- 
duces pulses of electrons of 25-Mev 
(million ‘electron volt) energy. It is 
located in a straight spur tunnel that is 
tangent to the circular tunnel housing 
the 48 magnets. It emits a pulse (of 
about 1 microsecond duration) in a 
slender, well-colliminated beam which 
is inflected into the orbit by an auxiliary 
magnet field in one of the spaces be- 
tween magnets. The auxiliary field is 
maintained just long enough to fill one 
turn of the orbit with electrons and is 
then pulsed off very quickly (0.1 psec) 
so as not to distort the orbit of elec- 
trons completing their first turn. 

The 48 magnets, each 12 feet long, 
are arranged in a circle 236 feet in 


diameter (Fig. 2). Each is separated’ 


from its neighbor by a 3-foot space, 
or straight section. The poles of the 
magnets are not parallel but are slight- 
ly wedge-shaped, to provide the non- 
uniform fields that accomplish the alter- 
nating-gradient focusing discussed in a 
later paragraph. 

The feature that makes an electron 
synchrotron simpler than a_ proton 
synchrotron is the extremely high speed 
of the orbiting particles. In the CEA, 
the electrons are injected into the orbit 
with an energy of 25 Mev and a speed 
of 0.9998 c; consequently, the speed 
can increase by only 0.02 percent in 
the subsequent acceleration. Because 
the speed is so nearly constant, and 
because the orbit radius changes so 
little (about 0.3 in.), the accelerator 
designer may employ a fixed frequency 
radio-frequency system. This permits 
use of tuned, high-Q radio-frequency 
cavities which, when excited at the 
resonant frequency, produce very high 
accelerating voltages even at relatively 
low power. 

The magnetic field produced by the 
ring of 48 magnets does not change 
the energy of the electrons but per- 
forms the function of deflecting them 
into a circular path so that the radio- 
frequency system can act on them re- 
peatedly, throughout many _ turns 
(about 10,000). In a typical turn, the 
kinetic energy of the electron increases 
by about 0.6 Mev. If this were the only 
energy requirement on the radio-fre- 
quency system, this system could be of 
quite modest size and power. 

The actual requirement near the end 
of the acceleration interval is ten 
times higher than the average required 
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for acceleration, due to the enormous 
radiation losses suffered by the elec- 
trons. It is well known that whenever 
a strong magnetic field acts on a very 
fast electron, accelerating it radially, 
the electron radiates energy (synchro- 
tron radiation) consisting of a broad 
spectrum of visible light, ultraviolet, 
and soft x-rays. The energy lost by 
synchrotron radiation increases with 
the 4th power of the electron energy. 
A 5-Bev electron traveling in an orbit 
of 90-foot radius (2) loses about 2 Mev 
of energy per turn, and a 6-Bev electron 
loses 4.5 Mev per turn. To compensate 
for such losses the radio-frequency 
acceleration system must be driven to 
especially high voltages at the end of 
the acceleration cycle. 

Synchrotron radiation is disturbing 
in another way: an orbiting electron 
suffers discrete changes in momentum 
on emitting photons of synchrotron 
radiation and begins to oscillate about 
the normal orbit. The _ oscillation 
grows with increasing energy and with 
time, so that ultimately many electrons 
would be thrown out of the orbit. This 
phenomenon sets a practical limit on 
the energy that can be imparted to an 
electron by a given synchrotron. With 
the 1/120-second rise time and the 
orbit radius chosen for the Cambridge 
accelerator, the practical energy limit 
is between 6 and 7 Bev. 


Alternating Gradient 


Magnetic Focusing 


The CEA, like the 30-Bev proton 
synchrotrons at CERN and Brook- 
haven, uses a magnet system of the al- 
ternating gradient, or strong focusing, 
type, which confines the beam to an 
orbit of very small cross section. This 
focusing principle permits use of 
magnets that are of small size and 
have modest power requirements. Thus, 
the magnets can be operated at a high 
cyclic rate and short acceleration in- 
terval. Because this interval is short, 
the energy loss by synchrotron radia- 
tion remains within reasonable limits, 
and the design of a 6-Bev machine be- 
comes practical. 

Of the 48 magnets, 24 have “posi- 
tive” gradient and 24-have “negative” 
gradient (Fig. 3). The field gradient 
results from the wedge-shaped gap be- 
tween the poles. By curving the slop- 
ing pole-face profiles slightly (so that 
they resemble portions of a rectangular 
hyperbola), the gradient can be made 
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Fig. 3. Cross sections of magnets of (left) the open, vertically-focusing type and (right) 


the closed, horizontally-focusing type. 


uniform across the pole face. In a 
positive-gradient magnet the gap height 
decreases—and field strength increases 
—with increasing distance from the 
accelerator center point; hence, an 
electron traveling at too-great radius is 
urged back toward the central orbit; 
such a magnet is said to be radially 
focusing. In a negative-gradient magnet 
the gap height increases with distance 
from the center point and the vertical 
flux lines are slightly curved outward, 
so they exert a downward force on an 
electron that is traveling above the 
ideal orbit and an upward force on an 
electron that is below this orbit; such 
a magnet is said to be vertically focus- 
ing. The two types of magnets alter- 
nate around the ring; and although 
each type somewhat reduces the focus- 
ing effect of the other type, the over-all 
effect is one of strong focusing in both 
vertical and radial directions. 

The focusing forces cause the elec- 
trons to oscillate about the central 
orbit. Such “betatron” oscillations 
occur in both the radial and vertical 
directions. The number of oscillation 
wavelengths per turn depends on the 
magnetic gradient and is greater for 
larger gradients. An integral number 
of wavelengths per turn is highly unde- 
sirable, since it would lead to resonance 
build-up of oscillation amplitudes. 
Magnets are designed, and gradients 
chosen, so that the number of wave- 
lengths per turn stays between integral 
values during the entire acceleration 
interval. The CEA magnets were de- 
signed so that the magnetic field in- 
creases (or decreases) by about 10 
percent. per inch of displacement 
across the pole face; this gradient leads 
to a figure of 6.4 for the number of 
betatron wavelengths per turn, for both 
radial and vertical oscillations. 

The magnets must be precisely 


aligned around the circular orbit in 
order to minimize oscillation ampli- 
tudes. Alignment errors’ must be con- 
fined to about + 0.005 inch in the 
vertical and + 0.01 inch in the radial 
coordinate. Firm foundations are re- 
quired, and also precise adjustment 
mechanisms and accurate surveying 
techniques. The magnets rest on heavy 
girders supported on precision jacks 
and traverse mechanisms; these rest 
on piers supported by piles driven deep 
into the gravel subsoil and mechanically 
isolated from the rest of the building. 

Each magnet consists of 6 tons of 
die-stamped C-shaped laminations, 
bonded together into blocks and as- 
sembled on a girder 12 feet long. The 
average magnetic gap length (at the 
central orbit) is 2 inches, and the 
poles are only 64 inches wide. The 
necessary magnetic uniformity (better 
than + 0.5 percent) was achieved by 
shuffling the laminations prior to bond- 
ing and by assembling them with high 
precision. A typical tolerance is = 0.001 
inch. 

The magnet excitation coils are of 
stranded copper and contain tubes in 
which cooling water circulates. Each 
magnet is equipped with “pole face 
winding” systems which make it possi- 
ble to make minor corrections to the 
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Fig. 4. Wave form of magnetic field 
strength resulting from the full-biased ex- 
citation current. The cycle period is 1/60 
second, and nearly half the period is de- 
voted to actual acceleration of electrons. 
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Fig. 5. The 25-Mev linear preaccelerator, which accelerates the electrons from a stand- 
ing start to a speed of 0.9998 c in a path length of 25 feet. The electrons then enter 
circular orbit tangentially. 


field gradient and to the field itself at 
the time (near injection) when the 
field strength is low and remanent fields 
are appreciable. 

One of the unique engineering fea- 
tures of the accelerator is the magnet 
power supply. This consists of a mas- 
sive resonant circuit driven by an 
electronic self-excited oscillator. The 
power dissipated in the circuit amounts 


to 1000 kilowatts, and the peak value 
of circulating power exceeds 100,000 
kilovolt-amperes. Electrical engineers 
have been intrigued by this application 
of electronic principles to such a large 
alternating-current power supply. 

The current in the magnet excitation 
coils has a full-biased sinusoidal wave 
form, as indicated in Fig. 4. It varies 
from zero to maximum and back again 
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60 times a second. At the time the 
preaccelerated electrons are injected 
into the ring, the excitation current and 
the magnetic field (then about 30 
gauss) are increasing slowly. Eddy- 
current distortion of the field is small 
at this critical time, and the efficiency 
of acceptance of the injected electrons 
is high. The acceleration rate is great- 
est when the exciting current is half- 
maximum. When the current has near- 
ly reached a maximum, the rate of 
increase of field is again small and the 
time interval for beam utilization at 
approximately constant energy is con- 
veniently long. 

The full-biased current can be con- 
sidered as the superposition of a direct 
current (420 amperes) and an alter- 
nating current (300 amperes, — root 
mean square value). The direct cur- 
rent is supplied by a_ low-voltage 


ignitron-rectifier system. The alternat- . 


ing current is supplied by pulsing a 
high-voltage direct-current source. 

The resonant alternating-current cir- 
cuit consists of the ring of 48 magnets 
(connected in pairs), 24 banks of 
capacitors, and a ring-shaped energy- 
storage inductor with 24 identical 
windings. Cabling connections form a 
series circuit through the magnet coils 
and inductor windings, with the 
capacitor banks connected across the 
inductor windings. Thus there are 24 
subunits in series, each resonant at 60 
cycles per second. The direct-current 
bias current provided by the low voltage 
supply is introduced at the geometrical 
and electrical center of one of the in- 
ductor windings and traverses all 
magnet coils and inductor windings in 
series. A key feature of the circuit is 
that the currents in all 48 magnets are 
identical, and consequently the magnets 
are powered with equal amplitude and 
phase. 

The pulses providing the alternating- 
current power are fed to the circuit 
through a distributed set of primary 
windings around the inductor cores. 
The pulses are obtained by firing an 
ignitron in the high-voltage direct-cur- 
rent supply; the--ignitron closes the 
circuit momentarily and sends a pulse 
of power through the primary from a 
storage capacitor. The timing signal 
for pulsing the ignitron is taken from a 
chosen phase of the circulating power 
in the main resonant circuit. The timing 
is such that the pulses occur when the 
magnet excitation current is decreas- 
ing; hence, the pulses do not disturb 
the smooth rise in field during the 
acceleration interval. 
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Injection 


The 25-Mev preaccelerator is a 
microwave waveguide linac of the 
traveling-wave type and operates at a 
frequency of 2855 megacycles (Fig. 5). 
It consists of two 10-foot sections of 
S-band, iris-loaded waveguide, each 
powered by a pulsed Klystron tube of 
5-megawatt peak pulse rating. Elec- 
trons are emitted from an oxide-coated 
cathode and pulsed by a 200-kilovolt 
modulator; they traverse a pre-buncher 
cavity tuned to the 2855-megacycle 
frequency, then pass along the two 
waveguides. The emerging beam has a 
peak pulse intensity of 150 milliam- 
peres; the beam diameter is 0.4 inch, 
the angular spread is 0.04 degree, and 
the energy spread is +1.5 percent. 

The modulator is triggered by a 
signal derived from the _ increasing 
magnetic field in one of the 48 mag- 
nets; triggering occurs when the field 
strength reaches the value (about 30 
gauss) appropriate to 25-Mev elec- 
trons. The pulse is of 1-microsecond 
duration, sufficient to fill the circular 
orbit of the synchrotron. The pre- 
accelerated beam enters the synchro- 
tron ring almost tangentially at one 
of the field-free spaces between mag- 
nets. There the beam is deflected about 
3 degrees (by a weak magnetic field) so 
as to join the synchrotron orbit smooth- 
ly. The deflecting magnetic field is pro- 
duced by a short pulse of current in 
a set of specially shaped windings; it 
is cut off just before the inflected elec- 
trons complete one turn around the 
orbit. 


Radio-frequency System 


The acceleration system consists of 
16 resonant radio-frequency cavities 
(Figs. 6 and 7) connected by waveguide 
links to form a circular loop 240 feet 
in diameter. The cavities operate in 
phase synchronism, achieved by tun- 
ing them and also the waveguide links 
to the frequency of 475.83 megacycles. 
The system of resonant cavities and 
waveguide links constitutes a closely 
coupled, high-Q, series-resonant circuit 
which is unique in radio-frequency en- 
gineering. It is perhaps the most ex- 
tended system of high-Q resonant 
circuit elements operating in a single 
mode that has ever been built. 

Each cavity consists of two _half- 
wave resonators and includes re-entrant 
drift-tube electrodes forming two 8- 
inch gaps across which the radio-fre- 
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quency potential is developed. Thus, 
the orbiting electrons experience 32 
accelerations per turn. The cavities are 
formed of thick plates and cylinders of 
high-conductivity copper, brazed to 
form vacuum-tight chambers. Each 
cavity is 16 inches in diameter and 24 
inches long and is built to very close 
tolerances. An adjustable tuning stub 
is mounted in the side of each resonator 
unit. The radio-frequency power is fed 
to the cavity through two alumina ce- 
ramic vacuum windows installed on the 
side (upper surface) of the cavity and 
traverses the two half-wave resonators 
within the cavity. At peak power the 
voltage across each resonator gap is 200 
kilovolts. Cooling water circulates 





within the heavy walls and is thermo- 
statically controlled to maintain con- 
stant cavity dimensions and hence.con- 
stant resonant frequency. 

The waveguides, of standard rectan- 
gular type, 18 inches wide, are formed 
of welded aluminum sheet and flanges. 
In each link there are a thermal expan- 
sion “choke” joint and two phase-shift- 
ers for adjusting the electrical length 
of the link. The radio-frequency power 
is fed from an amplifier in the power 
building by way of a radial run of wave- 
guide which joins the main loop at a 
T joint. 

Since the radio-frequency system in- 
cludes 48 tuned components (32 half- 
wave resonators and 16 waveguide 


Fig. 7. A radio-frequency cavity in place between two magnets. Above the cavity are the 
radio-frequency waveguides. Below, suspended from the cavity, is one of the 48 high- 


vacuum pumps. 
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links), there are at least 48 possible 
modes of oscillation. Only one of these 
modes provides identical phases in all 
cavities, a condition essential for accel- 
eration of electrons. This mode is 
spaced from its nearest neighbors (in 
frequency) by about ten bandwidths and 
can be selected by precise tuning of all 
components. 

The 475-megacycle power supply 
consists of a power amplifier (transmit- 
ter) employing a high-frequency “super- 
power triode” as the output stage. 
Peak power output, occurring at the 
end of the acceleration interval, is 400 
kilowatts; the average power for the 
duty cycle required in this application 
is 80 kilowatts. Frequency is deter- 
mined by a master oscillator which 
provides excitation for the transmitter. 
The transmitter is modulated so as to 
provide about 20 kilovolts per resona- 
tor gap (320 kilovolts per turn) at the 
start of the acceleration interval and 
200 kilovolts per gap (6 megavolts per 
turn) at the end of the cycle, the large 
increase being necessitated by the 
rapidly increasing radiation losses ex- 
perienced by the orbiting electrons. 








Vacuum System 


The vacuum chamber inside which 
the beam circulates consists of 48 
slender tubes which fit between the 
poles of the 48 magnets and connect 
the 16 radio-frequency cavities and 32 
other vacuum manifolds occupying the 
spaces between magnets. Beneath each 
cavity and manifold is a high-vacuum 
pump and also a rough-vacuum pump 
for initial pump-down. 

The vacuum chambers have an oval 
cross section of about 1% by 5% 
inches and are formed of nonmagnetic 
stainless steel tubing slotted at 12-inch 
intervals to minimize eddy currents that 
could distort the magnetic field. An 
external coating of Fiberglas cloth and 
epoxy resin seals the slots and provides 
a vacuum-tight coating. The slots are 
narrow so that the interior surface is 
mostly steel, which minimizes evolu- 
tion of vapor and protects the resin 
from damage by the intense synchrotron 
radiation. 

The high-vacuum pumps are of the 
recently developed high-voltage, titan- 
ium-discharge type. The discharge be- 





Fig. 8. The 60-ton toroidal inductor for the magnet power supply system (in this 


photograph one core block and one excitation coil have been removed). The peak energy 


storage of the inductor is 600,000 joules. 
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tween titanium electrodes ionizes the 
residual gas, and thé sputtered titanium 
acts as a “getter” for the ions that 
strike the pump walls. The pumps are 
electronic, without moving parts or ob- 
jectionable vapors. Metal gaskets are 
used throughout the vacuum system, 
and all components are carefully 
cleaned and baked at elevated tempera- 
tures under vacuum. When the initial 
pump-down is complete, the rough- 
vacuum pumps are shut off and the 
titanium pumps continue to operate, 
maintaining high vacuum in the totally 
sealed system. The operating pressure 
of about 1 X 10° millimeters of mer- 
cury is low enough so that scattering of 
the orbiting electrons by residual gas 
in the chamber is negligible. 


Laboratory Arrangements 


The circular tunnel is located under- 
ground, with the orbit 10 feet below 
ground level. Concrete and earth fill 
(6 to 15 feet thick) over the tunnel 
shield the above-ground areas from 
high-energy secondary or _ scattered 
radiations. The main power supplies 
(Fig. 8) are in a central power building 
connected to the ring by four radial 
tunnels. One portion of the circular 
tunnel is widened to provide room for 
targets, magnets, and other equipment 
needed for producing, analyzing, and 
focusing emergent beams. Outside this 
area is a large experimental hall, sepa- 
rated by a thick shielding wall of iron- 
ore-loaded concrete blocks. Beams of 
electrons, photons. and secondary par- 
ticles can be brought through small 
channels in this wall into the experi- 
mental hall for research experiments. 

The experimental hall is larger than 
a football field and is provided with 
electrical power, cooling water, a 40- 
ton traveling crane, and other features. 
The apparatus used for experiments will 
be assembled along the trajectories of 
the emergent beams, from six or more 
alternate target locations in the ring. 
Several experiments can be set up and 
carried out, simultaneously or sequen- 
tially, while new experiments are being 
prepared. 

The large pieces of equipment re- 
quired for experiments include analyz- 
ing and focusing magnets, spectrometer 
mounts for studies of angular distribu- 
tions, target assemblies of special types, 
a large hydrogen bubble chamber, and 
a wide variety of other items. Each 
experiment will require specially de- 
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signed shields of dense concrete, iron, 
and lead. In many cases the output data 
from electronic counters or other 
apparatus will be transmitted to data- 
processing electronic computers in the 
laboratory building, for analysis and 
recording. A large cryogenics plant for 
liquefying helium is being built; a sepa- 
rate helium expansion engine will be 
mounted near the hydrogen bubble 
chamber, for maintaining low tempera- 
ture there. Cold helium gas will be used 
to cool various special targets of hydro- 
gen and deuterium. 

Targets located in a straight section 
can be placed just outside or inside the 
beam orbit, and the beam can be di- 
verted against the targets by pulsing 
special magnets or by turning off the 
radio-frequency acceleration at the peak 


INSTRUMENTS AND TECHNIQUES 





of the cycle. High-energy photons are 
projected forward from such a target 
in a sharply defined tangential beam. 
Charged secondary radiations, such as 
mesons or hyperons produced in a 
target, can be focused and analyzed 
magnetically and can pass through other 
channels in the main shielding wall. 
Single-beam pulses can be directed at 
one target (for instance, in a bubble- 
chamber experiment) and other pulses 
can be directed at a target serving a 
different experiment. 

In other experiments an emergent 
beam of 6-Bev electrons will be used. 
Special magnets located just inside the 
orbit at chosen straight sections can be 
pulsed to jolt the electrons out of the 
orbit into a well-defined emergent beam. 
This beam will traverse a vacuum pipe 


Detocusing Images ‘To 


Increase Resolution 


Resolution of two luminous particles is improved 
by defocusing the microscope or telescope. 


Harold Osterberg and Luther W. Smith 


Consideration of the distribution of 
energy density in the diffraction image 
of two unresolvably small, self-lumi- 
nous particles led us to expect that a 
marked increase in the lateral resolving 
power of a microscope or telescope 
should occur in appropriately selected 
out-of-focus image planes. This expecta- 
tion has been confirmed experimentally. 
In order to obtain an appreciable ad- 
vantage, the instrument must be ad- 
justed far out of focus, and thus the ap- 
pearance of two neighboring concentra- 
tions of energy density in the blurred 
image of two self-luminous particles 
has, no doubt, either been ignored or 
considered spurious by many observers. 

Particles that are viewed by means of 
the light that they scatter or cause to 
fluoresce act, in effect, as self-luminous 
particles. Particles in a dark-field micro- 
scope scatter light into the objective and 
tend to act almost as though they were 
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self-luminous. In fact, under certain 
conditions of illumination, particles ap- 
pearing against dark backgrounds close- 
ly imitate self-luminous particles. These 
conditions of illumination exist in inter- 
ference microscopes, in which destruc- 
tive interference between the direct and 
the reference beams renders the back- 
ground practically dark. Conclusions 
with respect to the out-of-focus states 
of self-luminous particles apply, there- 
fore, with minor modifications, to suit- 
ably illuminated non-self-luminous par- 
ticles. 

The Airy unit is used as the unit of 
linear measure in the following discus- 
sion. The Airy unit ra is defined by 


ra = 0.61 )/N.A. (1) 


where A and N.A. denote wavelength 
and numerical aperture, respectively. 
Distance ra refers to either the object 
space or the image space, according 


through the shielding wall and will be 
focused by magnetic lenses onto a target 
in the experimental hall. 

A detailed discussion of the experi- 
ments planned is beyond the scope of 
this account. Scientists from M.I.T. and 
Harvard, as well as from other nearby 
universities, are actively engaged in de- 
signing experiments that should go far 
toward exploiting this new energy range 
in the field of particle physics. No effort 
is being spared to have the necessary 
equipment and instruments ready for 
use when the accelerator is completed. 


Notes 


. CEA staff report No. CEA-81 (1 Aug. 1960). 

. Although the average radius of the CEA orbit 
is 118 feet, the radius of a path segment 
between the poles of a magnet is shorter— 
90 feet. In the field-free spaces between mag- 
nets the path is straight. 


Ne 


to whether N.A. is the numerical aper- 
ture of the object space or of the image 
space of the objective. The numerical 
aperture with respect to the object 
space is ordinarily |M| times the nu- 
merical aperture with respect to the 
image space, where M denotes the mag- 
nification ratio of the objective. 

According to Rayleigh’s criterion, 
two particles are resolved when their 
separation equals or exceeds one Airy 
unit. In order that two like particles 
shall be separated by one Airy unit, 
their effective radius must not exceed 
one-half Airy unit. We shall see that 
it is possible experimentally to resolve 
two like particles having the separation 
0.58 Airy unit. The effective radius of 
such particles can exceed one-fourth 
Airy unit only slightly. Such particles 
are unresolvably small from the view- 
point of diffraction theory. 

The family of curves of Fig. 1 shows 
how the distribution of energy density. 
I1(W) in the diffraction image of a sin- 
gle self-luminous particle varies with W 
for a series of out-of-focus states that 
are most conveniently and completely 
specified by the parameter y. The vari- 
able W is the distance in Airy units 
from the center of the diffraction image, 
and 


v= © pm*Z/X (2) 
where z denotes the out-of-focus dis- 
tance in the image space and pm de- 
notes the numerical aperture of the 
objective with respect to its image space. 
When y = 2z, the eyepiece has been de- 
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focused by an amount z such that the 
center of the diffraction image has be- 
come dark. 

The energy densities 1(W) have been 
normalized so that 1(W) equals 1 at 
W=0 for the sharply focused state 
y =0. Decisive changes in 1(W) occur 
when y exceeds 7. The energy content 
at the diffraction head (W=0) di- 
minishes rapidly with y, and, as would 
be expected, the energy content of the 
diffraction rings increases with y. How- 
ever, the radius of the central bright 
spot decreases markedly with increasing 
y. If, indeed, one ventures to extend 
Rayleigh’s criterion to the location of 
the first minimum for the curve 
yw = + 37/2, two particles would be re- 
solved when their separation is only 
0.53 Airy unit. This rough prediction is 
not far from correct. 

The curves of Fig. 1 have been com- 
puted by an excellent method conceived 
by Guy Lansraux (/). His notation has 
been kept, for the convenience of read- 
ers who may wish to refer to his article 
in the Revue d’optique. 

The graphical method whereby the 
curves of Fig. 1 have been utilized to 
obtain information about the combined 
energy density /(W) in the image of 
two self-luminous particles is illustrated 
in Fig. 2 for the case in which the par- 
































Fig. 1. Plot of the distribution of energy 
density /(W) against W, the distance in 
Airy units from the center of the dif- 
fraction image of a_ self-luminous par- 
ticle for the indicated values of the fo- 
cal parameter Y= 7 pm"z/d. The objec- 
tive is assumed to be of the idealized 
Airy type with respect to the sharply 
focused image plane for which y= 0. 
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ticles are separated by 0.7 Airy unit. 
The centers of the geometric images of 
the particles are located at W =0 and 
W = 0.7. Because the two self-luminous 
particles radiate independently, they 
produce, about the points W =0 and 
W = 0.7, the independent distributions 
plotted as the dashed curves A and A’ 
in the sharply focused plane for which 
uy =0. Addition of the ordinates of 
curves A and A’ amounts to adding the 
energy densities due to the two _ par- 
ticles and produces the corresponding 
curve A” for the designated focal state 
y = 0. Similarly, the combined energy 
density /(W) of curve B” for the focal 
states YwY=+57/4 is obtained by 
adding the ordinates of curves B and 
B’. In order to form a better compari- 
son of the physical processes involved, 
the curves A and B have been normal- 
ized separately so that /(W) =1 at 
W = 0. This normalization is equivalent 
to using a brighter source of light for 
the focal states y= + 5 7/4. 

Two like particles having the separa- 
tion 0.7 Airy unit are not resolved in 
the sharply focused image plane for 
which uy = 0 (curve A”) but may be 
resolved in the out-of-focus planes for 
which yw = +5 7/4 (curve B”). It should 
be observed that curves A and B prac- 
tically coincide over a marked distance 
from the diffraction head at W = 0 but 
that curve B has become significantly 
higher than curve A near W = 0.7. It is 
this increase in the energy content of 
the outer portion of the out-of-focus 
curves B and B’ relative to curves A 
and A’ that accounts for the formation 
of the maxima near W=0 and W= 
0.7 of curve B”. In this way, the graphi- 
cal study of a variety of out-of-focus 
cases showed that the increased energy 
content of the outer portions of the dif- 
fraction image of one particle enhances 
the probability of resolving two par- 
ticles. 

The curves of Fig. 3 were determined 
after the manner of curve B” of Fig. 2, 
so as to illustrate in a systematic man- 


ner how the resolving power for two. 


particles depends upon the focal pa- 
rameter y. Consider, for example, the 
curve for which y = + 37/2. The cen- 
ters of the geometrical images of the 
two particles fall at W = 0 and W = 
0.53 Airy unit. The corresponding 
values of energy density are marked P 
and P’, respectively, with the point P’ 
designated by the circle. The value of 
the energy density at the midpoint be- 
tween the geometrical images is marked 
C and designated by the triangle. 
Let /(P), I(P’) and I(C) denote the 
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Fig. 2. Plots illustrating how the en- 
ergy density /(W) in the image of two like 
particles is determined graphically from 
the distribution of energy density in the 
image of one of the particles. The dashed 
curves pertain to the sharply focused 














image for which /=0. The combined | 


energy density in curve A” is the sum of 
the ordinates of curves A and A’ for two 
particles separated by 0.7 Airy unit. 


energy densities /(W) at the points P, 
P’, and C, respectively. The separation 
P to P’ has been determined so that, ap- 
proximately, 


(P)—KC) (P’) — KC) 





= = 0.01 (3) 

1(C) I(C) 
When y = + 37/2, the contrast condi- 
tion of Eq. 3 is met by choosing the 
separation P to P’ as 0.53 Airy unit. 
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Fig. 3. Plot of distributions of energy 
density /(W) in the image of two particles 
for the indicated values of the focal pa- 
rameter ¥. For each value of ¥ the separa- 
tions P to P’ have been determined in ac- 
cordance with Eq. 3 of the text. 


SCIENCE, VOL. 134 








ho ‘ta ae. eee 











en- 
ike 
om 
the 
red 
sed 


led | 


wo 








- Similarly, all of the curves drawn as 





solid lines in Fig. 3 have been deter- 
mined for separations P to P’ of the 
particles in accordance with Eq. 3. 

The broken curve belonging to the in- 
focus state y = 0 is included for com- 
parison and reference. For this curve 
the separation of the particles is 0.81 
Airy unit—a separation that has been 
judged resolvable (presumably in the 
state of sharpest focus) by many ob- 
servers. Comparison of the curves of 
Fig. 3 shows that contrast in the image 
of the two particles equals or exceeds 
that for the broken curve in the focal 
state y = 0. Actual contrast in the dif- 
fraction image is usually better than in- 
dicated by the fixed value 0.01 of Eq. 
3, because the maxima do not ordinarily 
occur at points P and P’—that is, at the 
positions of the geometrical images. 

Using Eq. 3 as the criterion for reso- 
lution, one obtains the broken curve 
through the points from P’ to Q for the 
corresponding limits of resolution as a 
function of the focal parameter y. For 
example, with y = + 11 7/8, this limit 
of resolution becomes 0.62 Airy unit. 
Examination of the curve for y= + 
117/8 of Fig. 1 shows that the first 
minimum falls near 0.62 Airy unit, so 
that one is tempted to invoke Rayleigh’s 
criterion as the practical equivalent of 
the criterion of Eq. 3. However, this 
extended notion of Rayleigh’s criterion 
is not in good agreement for y values in 
the range 0 S |y| Sz. 

The first experimental verification of 
increased lateral resolution by defocus- 
ing was performed with a microscope in 
the following manner. The substage con- 
denser of a microscope was replaced 
by an oil immersion objective that 
served to image the bright disk of a 2- 
watt zirconium arc with demagnification 
of about 100. This image was formed 
in the oil film between two cover plates 
at the stage and was doubled by placing 
a Wollaston prism between the arc and 
the objective. Since neither a polarizer 
nor an analyzer was employed, the 
doubled image of the zirconium arc 
served, in effect, as two self-luminous 
particles. These “particles” were pro- 
jected by a 5X objective having a low, 
fixed numerical aperture determined by 
the interposition of a suitable dia- 
phragm. The resulting image could be 
viewed through a focusable eyepiece or 
could be photographed. Movement of 
the Wollaston prism along the optic 
axis of the system permitted continuous 
adjustment of the separation of these 
“self-luminous particles” at the rear fo- 
cal plane of the oil immersion objective. 
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The aperture diaphragm at the 5X ob- 
jective served also to reduce the nu- 
merical aperture of the whole system 
and thus to avoid aberrations, except 
for that due to defocus. An interfer- 
ence filter confined the light to a nar- 
row band at 5461 angstroms. 

Increased lateral resolving power re- 
sulted from moving either the 5X ob- 
jective or the eyepiece along the optic 
axis. Motion of the eyepiece is theo- 
retically the preferred method of de- 
focusing, because the numerical aper- 
ture of the 5X objective acting as the 
imaging lens is then undisturbed. In the 
photographs of Fig. 4 (a to f), the sep- 
aration of the two particles was fixed at 


Filter (5461 A) 
O, Pinhole plate 





3 f 


Fig. 4. Photographs illustrating how increased lateral resolution is obtained by defocus- 
ing. The distance out of focus is increased progressively from the sharply focused photo- 
graph a to the most blurred photograph f. The two particles are resolved in the blurred 
photographs d, e, and f, but not in the sharply focused image plane of photograph a. 


a value decisively smaller than the limit 
of resolution in the sharply focused 
plane (Fig. 4a). In photographs a to f, 
the amount of defocus is increased pro- 
gressively up to a point for which 
|y| < 2. Although photographs e and f 
exhibit much blur, the two particles 
have become well resolved. 

More quantitative observations were 
made by means of the telescopic ar- 
rangement shown schematically in Fig. 
5. Stopping the N.A. of the telescope 
objective down to about 0.0063 made it 
possible to control and measure the sep- 
arations between pinholes P: and Pz. 
Distances d: and d: were about 6 meters 
and 30 centimeters, respectively. 
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Fig. 5. Diagram of the telescopic arrangement for observing the improvement in lateral 
resolution of pinholes P; and P: in out-of-focus image planes. Motion M; of the H-4 
mercury lamp and pinholes served as fine adjustment of the object distance d,. Motion 
M: Ultered the location of the focal plane O” of the eyepiece with respect to the fixed 
focal plane O’ of the image of O. P; is an auxiliary pinhole. 
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Through motion M: of the assembly 
consisting of the illuminator and pin- 
holes it was possible to adjust the N.A. 
of the telescope, and hence the separa- 
tion of the pinholes, in a continuous 
manner to the desired value (in Airy 
units). Pinhole Ps was included as a 
control and was located many Airy 
units from the tightly separated pin- 
holes P: and P:. The image of pinhole 
Ps served, for example, to indicate 
whether or not |y| equaled 27, since the 
center of the diffraction image of an un- 
resolvably small self-luminous particle 
becomes dark in the out-of-focus plane 
associated with |y| =2z. 

Qualitatively, the parfocal images of 
the double pinholes resembled the par- 
focal images of the zirconium arc in the 
microscope experiment. In one quan- 
titative experiment, the separation of 
particles P: and Pz was adjusted to 0.58 


INSTRUMENTS AND TECHNIQUES 





Airy unit, and resolved readily. In this 
experiment, the two pinholes had a 
diameter of 0.142 millimeter and a 
separation, from center to center, of 
0.606 millimeter. Distance d: (Fig. 5) 
was 6032 millimeters, and the diameter 
of aperture A was 3.84 millimeters. 
Determined attempts to learn how 
nearly one can approach the limit 0.53 
Airy unit of Fig. 3 were not made, since 
it was felt that a significant determina- 
tion of an actual limit would require 
great care. 

In an interesting set of preliminary 
experiments with the microscope ar- 
rangement, a marked amount of spheri- 
cal aberration was added artificially to 
the 5x objective. It was found that this 
addition further increased the lateral 
resolving power, provided that the de- 
focusing was performed on the “coop- 
erative” side of focus. 


Radio Telemetering from 


within the Body 


Inside information is revealed by tiny transmitters 
that can be swallowed or implanted in man or animal. 


It is rather inconvenient to swallow a 
physician. However, it is quite possible 
to swallow, or otherwise implant in 
various body cavities, measuring de- 
vices and miniature radio telemetering 
transmitters which will perform certain 
of his observation functions. This article 
attempts to summarize some of these 
developments and uses as examples 
some of the methods employed in one 
laboratory. In the first few sections, 
some of the physical aspects of these 
devices are mentioned, and in the last, 
some examples of application are given 
for such units. These units have been 
called endoradiosondes and are so 
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termed here. They are important in 
studies of human beings because they 
leave the subject in a relatively normal 
physiological state, and they are at least 
as important in animal studies, where 


discussion and cooperation are lacking. . 


In the transmission of internal data 
there are essentially four possibilities: 
one can build a passive transmitter or 
an active transmitter, and one can em- 
ploy a magnetic dipole or an electric 
dipole (in the latter, using the con- 
ductivity of the body to carry out the 
signal). All except the passive electric 
dipole have been demonstrated. There 
seems no adequate reason to expect the 
optimum carrier frequency to be the 
same in any two of the methods. Skin 
depth gives a rough hint of frequency 


’ 





When pinholes P: and P: of Fig. 5 
were replaced by narrow slits, separa- 
tions down to 0.73 Airy unit were re- 
solved in the plane of sharpest focus. 
Defocusing improved lateral resolution 
of the two slits only slightly. The re- 
solvable separation was decreased only 
from 0.73 to 0.71 Airy unit. It is note- 
worthy that the observed in-focus limit 
of 0.73 Airy unit practically coincides 
with the physical limit of resolution 
given by Osterberg (2) for two like 
slits in an opaque background for the 
case in which the numerical aperture of 
the substage condenser of a microscope 
is set equal to the numerical aperture 
of the objective. 
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but can be misleading; more tests are 
needed if minimum energy units are 
desired. In general, these transmitters 
have been made to work in the fre- 
quency range of % to 10 megacycles. 
As in nuclear resonance experiments, 
passive magnetic transmitters (in which 
a resonant circuit alone is swallowed) 
can work either by absorption or by 
emission, and the best frequency is 
probably the same in either case. Physio- 
logical variables which can cause a 
change in reactance of a transducer 
lend themselves to passive as well as 
active transmission. Almost any system 
of modulation other than _ simple 
amplitude modulation is suitable in any 
of the methods. Transmitters whose 
power is induced in the capsule at one 
frequency or time and reradiated by an 
active transmitter at another do not 
involve any different concepts. Non- 
radio transmission methods, such as 
monitoring pressure by observing the 
size of an ingested balloon with ultra- 
sound or x-rays, are not considered 
here. 


Passive Transmission 


In passive transmitters the capsule 
carries no power source but only a 
resonant circuit whose characteristic 
frequency is sensed from outside. This 
frequency is altered by some reactance 
whose magnitude changes in response 
to changes in pressure, temperature, 
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voltage, and so on. This was probably 
the first method tried (J), and it still 
seems the most useful for extended ex- 
periments. For brief experiments, it is 
not certain that passive techniques are 
best, especially in view of the avail- 
ability of small, low-power systems in- 
volving tunnel diodes or transistors, and 
of noise-reducing techniques for re- 
ceivers. 

These procedures can be implemented 
either by frequency-sensitive absorption 
or by re-emission. An example of the 
former is the use of a sweeping grid-dip 
meter to sense the resonant frequency 
of an ingested tuned circuit (/). In- 
creased sensitivity seems to result if the 
functions of transmission and reception 
are, instead, separated by feeding a coil 
on one side of the subject with a cycli- 
cally varying frequency in the right 
range and displaying the output as a 
function of frequency on an oscillograph 
fed by a coil on the other side of the 
subject. Bridge techniques can be used 
to eliminate much of the steady signal 
arriving at the second coil. 

In the emission method, one observes 
the ringing frequency of the ingested 
tuned circuit following application of a 
short pulse from outside. This input 
pulse must be a smail radio-frequency 
pulse, so the tuned circuit will show a 
reasonable scattering cross section; that 
is, there is no value in having the energy 
spectrum extend to zero frequency, as 
it does with either a steady pulse or 
delta function. As in cerfain nuclear 
resonance experiments, in principle it is 
possible to orient the transmitter and re- 
ceiver coils perpendicularly so that there 
is no direct coupling between them ex- 
cept by way of the tuned circuit. Some 
pressure observations with the emission 
method have been reported (2). It has 
been suggested that the activity of 
gastric juices might be studied through 
the closing of a contact by the diges- 
tion of a piece of meat and transmission 
of this two-valued variable by ringing 
or nonringing in a paralleled quartz 
crystal (3). 

A small coil outside the body gives a 
rather weak signal because the signal 
can decay: with the sixth power of the 
distance. If larger coils are placed 
around the subject, generalization is 
more difficult, and results are best pre- 
dicted on the basis of transformer 
theory. If the tuned circuit is not fairly 
large and aligned for maximum cou- 
pling, then the signal can rapidly be- 
come unreliable. Brief attempts were 
made to cycle between. several external 
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Fig. 1. Frequency-modulated radio telemetering transmitter which can be swallowed or 
otherwise inserted into body cavities to transmit pressure indications. 


antenna coils by using mercury contact 
relays, but the perfection of transistors 
made the investigation of active trans- 
mitters seem attractive (7). Several 
workers throughout the world inde- 
pendently began such investigations at 
approximately the same time (J, 4,5). 


An Active Transmitter 


The variable which has thus far 
been of most interest is the pressure 
whose fluctuations accompany peristaltic 
activity in the gastrointestinal tract. In 
our laboratory the unit shown in Fig. 1 
is often used for its transmission. A 
250-turn center-tapped coil is used in 
a Hartley circuit, the capacitors having 
a common point so that small three-wire 
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double ceramic units can be used. A 
Burgess or Mallory mercury cell (6) 
will power the unit for about 3 
days with a resistor of the size shown, 
placed as shown. With a similar circuit, 
a small nickel-cadmium cell has been 
recharged within the body by an ex- 
ternal oscillator (6). A gastric-juice bat- 
tery is a possibility, but it seems un- 
reliable (1). With typical components, 
the pill is 9 millimeters in diameter and 
25 millimeters long after it is enclosed 
in a disposable rubber finger cot. A 
smaller diameter was desired for en- 
doradiosondes which were inserted into 
the human bladder for studying pres- 
sure changes during micturition, and 
handmade zinc-platinum cells of less 
stable voltage were employed (6, 7). 
The pills have either been mounted in 
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Fig. 2. Three perpendicularly oriented receiver antennas feeding frequency doublers 
whose outputs are added before presentation to the receiver. The signal is approximately 
constant for any orientation of the transmitter. Not shown is a stage of amplification 
that follows the antennas to insure nonlinear action. 
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a Lucite body or potted in silicone rub- 
bez. 

The ferrite core (7) is glued to the 
thin rubber diaphragm; air leakage from 
behind the diaphragm is_ carefully 
avoided because this air cushion deter- 
mines the restoring force. Frequency 
modulation is produced by motion of 
the core. Because the diaphragm sup- 
plies little of the restoring force, its 
changes with age and with passage 
through various body fluids do not 
cause major drift. There is still some 
residual drift, possibly due to gas dif- 
fusion, that interferes with long-term 
absolute measurements, but this does 
not interfere with the observation of 
peristaltic patterns. Sensitivity can be 
checked while the unit is within the 
body by varying the “atmospheric” 
pressure on the subject (/, 8), but this is 
usually unnecessary. Orientation sensi- 
tivity is minimized by the use of a light 
core, and barometric effects seldom 
occur rapidly enough to cause difficulty. 
A conducting rather than a magnetic 
core (7) is convenient in experiments in 
which one is attempting to restrain the 
pill or to introduce mechanical motions 
by external magnets. The pills that were 
inserted into the bladder were enclosed 
in a slightly inflated condom, so that 
pressure changes throughout a volume 
could be recorded, rather than forces 
applied at one end (6). This also reduces 
diaphragm leakage. Metallic and plastic 
diaphragms can also be used. 

A change in temperature can shift the 
output frequency of the transmitter. In 
studies of human beings this can be 
convenient because a change in fre- 
quency after the subject has taken a sip 
of cold water is a clear signal that the 
endoradiosonde is still in the stomach 


and has not yet advanced into the in- 
testine. Temperature sensitivity can be 
either enhanced or minimized. An in- 
crease in temperature affects the transis- 
tor in such a way as to drop the fre- 
quency; this effect is opposed by the 
effect on the gas pocket, on the tuning 
condenser (if it has a negative tempera- 
ture coefficient), and on the ferrite core 
(6). 

Various modifications (8), including 
use of a different turn ratio to prevent 
blocking, instead of a base resistor, and 
a split shield that simplifies calibration, 
have been demonstrated. A Clapp cir- 
cuit minimizes the effect of the transis- 
tor (and thus the voltage) on frequency 
(9, 10). Capacitive as well as inductive 
transducers have been tested, and resis- 
tive ones consisting of conducting 
epoxy resin or of a liquid containing a 
hollow plastic sphere between elec- 
trodes gave fair performance. A small 
booster transmitter, with a frequency 
shift between input and output to pre- 
vent oscillation, can be used to relay the 
signal and give the subject freedom of 
movement (6). 


Antenna Systems 


Antenna coils are used in magnetic 
systems and body electrodes in the 
other systems. The active transmitter 
discussed above is often used in connec- 
tion with a receiving loop, of 6-cen- 
timeter diameter, tuned to the operat- 
ing frequency range of a few hundred 
kilocycles per second. Directional ef- 
fects can be eliminated by using three 
orthogonal (or otherwise oriented) coils 
and switching between them, or by 
adding their outputs after frequency 
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Fig. 3. Frequency-meter circuit which, when fed from the loud-speaker connection of a 
suitable receiver, will deliver a direct voltage proportional to frequency but relatively 


independent of amplitude. 
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Fig. 4. Simplified arrangement for produc- 
ing a time graph from a cyclically scanned 
narrow-band detector output. 


doubling and noting the variations in 
this doubled frequency at the receiver 
(6) (Fig. 2). Another way to achieve this 
result and yet avoid having rotating 
coils in the probe is to use a transformer- 
coupled radiogoniometer. 

Omnidirectional schemes for passive 
transmitters are generally somewhat 
more complicated (//). For either 
absorption or emission, the most con- 
venient method seems to be to use com- 
mutation and slip rings, or switching 
transistors, to switch between antennas, 
in each of which a complete analyzing 
function can take place. Recording is 
from the one, or ones, with the largest 
signal. 

Because the wavelength is long as 
compared with the size and separation 
of the antennas, these experiments are 
carried out in the induction or near field. 
The coils can be considered as dipoles 
for many purposes. It seems possible, 
in principle, to have coupling for all 
orientations with only two perpendicu- 
lar external coils, if the axis of one 
does not pass through the center of the 
other. 

There are several receiving systems 
which can be used to determine these 
variations in frequency. In general, fre- 
quency-measurement systems can be 
divided into scanning systems and cycle- 
counter systems. .Amusing arguments 
on the reality of side-band frequencies 
in modulated waves have arisen, since 
the former systems show them and the 
latter do not. Here, a parallel bank of 
simultaneously acting tuned filters is 
considered as a scanning system; its out- 
put can be scanned rapidly. Various 
forms of both systems are applicable to 
the present problem. 

It is characteristic of digital systems 
that they are able to record a high fre- 
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‘quency and a large range of frequencies 


with an excellent degree of discrimina- 
tion. Standard counting circuits can 
work at these frequencies, and crystal- 
gated ones have been used in such ap- 
plications. In an alternative approach, 
use is made of a standard continuous- 
wave receiver in which the incoming 
frequency beats with a local frequency 
to give a lower frequency which varies 
rapidly with small percentage changes 
in the incoming radio-frequency signal. 
The normal loud speaker output can 
then activate a resonant or gated-charge 
frequency sensor (7). In our labora- 
tories it is customary to use this simple 
system with a well-stabilized local oscil- 
lator, and to feed the beat signal into 
a clipper circuit and “diode-pump” fre- 
quency meter and chart recorder, as 
shown in Fig. 3. This beat-frequency 
signal can be recorded directly on a 
magnetic tape for possible automatic 
analysis, and later it can be played into 
the demodulation circuit, if desired. 

The permissible radio-frequency de- 
viation is limited to the bandwidth of 
the receiver if loss of signal is never to 

The permissible radio-frequency de- 
viation signals by tracking them with a 
standard automatic frequency-control 
circuit, the frequency-discriminator sig- 
nal then being the useful output (8). 
This is equivalent to continuously re- 
tuning the receiver with a servomotor 
or speaker-driven capacitor. 

Another method is to scan a narrow- 
band filter cyclically through the pos- 
sible range of frequencies until a re- 
sponse is found (8). This is usually done 
by sweeping the oscillator in a heter- 
odyne system. The method is illustrated 
in extremely simple form in Fig. 4, 
which shows the arrangement actually 
tested in the early transmitters that em- 
ployed passive transmission and a 
sweeping grid-dip meter circuit. At the 
frequency where there is a response, the 
oscilloscope trace becomes visible as a 
spot above the mask. This horizontally 
moving spot is recorded on the steadily 
moving film as a wavy line which is a 
graph of pressure as a function of time. 
Similarly, circuits can indicate where in 
the sweeping cycle the response occurs 
and generate a signal proportional to the 
time after the start of sweeping (/2). 
This procedure overcomes noise in a 
predictable fashion at the expense of 
response time by processing the signal 
over successive small intervals (//). 

Several variables, besides pressure, 
have simultaneously been transmitted 
from a single oscillator through multi- 
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plexing by blocking. The original circuit 
(1) was essentially the circuit of Fig. 1 
without the resistor. It periodically 
turned its pressure-transmitting oscilla- 
tions on and off at a rate dependent on 
temperature. A few cycles of oscillation 
bias off the transistor; after this there 
are a few cycles of ringing. Oscillations 
in successive bursts are not generally 


phase-coherent if there is no master 
oscillator, and the phase shifts introduce 
extraneous side bands. In the simplest 
method of analysis, tuned circuits are 
dispensed with and the signal passes 
through a wide-band amplifier into an 
oscilloscope for direct observation; the 
latter can be replaced by broad-band 
analyzing circuits. If both slow and 
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Fig. 5. Recordings from the sigmoid of a normal male. (Top) Seventy minutes of normal 
peristalsis was observed prior to administration of atropine sulfate. The contractions, 
of 3 to 7 minutes’ duration (pressure increase, 110 to 190 mm-Hg), were interrupted by 
relaxation periods of 1% to 4 minutes. (Second from top) Intravenous administration 
of atropine sulfate (0.4 mg) (pulse rate, 80) was followed by a 9-minute period of muscle 
relaxation (no change in pulse), then by three contractions of the type described. The 
subject fell asleep and slept for 22 minutes, during which time there was no recorded 
bowel activity. When he awoke, the original pattern reoccurred. Administration of a 
second dose of atropine sulfate (0.6 mg), 80 minutes after the first dose, was followed 
by 24 minutes of muscle relaxation (pulse, before injection, 80; 16 minutes after injec- 
tion, 92). (Second from bottom) After the muscle relaxation there occurred a period 
of contraction of about 4 minutes’ duration (increase in pressure, 90 mm-Hg), followed 
by 15 minutes of bowel relaxation (pulse, 76). (Bottom) A second period of contraction, 
recorded 42 minutes after the 0.6-mg dose of atropine sulfate, lasted 7 minutes, but 
pressure increased by only 26 mm-Hg. After a 20-minute period of inactivity, contrac- 
tion frequency and intensity were as originally noted. 
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periodic rapid variables are of interest, 
then three simultaneous signals can 
similarly be sent and received from one 
oscillator by varying the average fre- 
quency (base line), the deviation fre- 
quency, and the frequency of an am- 
plitude modulation. 


Other Variables 


Some variables other than pressure 
that have been transmitted by various 
workers are temperature, oxygen ten- 
sion, acidity, and radiation intensity. In 
principle, any of these can be trans- 
mitted by either a passive or an active 
system in conjunction with a suitable 
transducer. Gastrointestinal motility 
(essentially the progression-producing 
activity of the gut) is of interest to 
clinicians and is not identical to pres- 
sure variation. More can be told of this 
by the simultaneous use of a number of 
transmitters (6), by x-ray movies ac- 
companying the endoradiosonde obser- 
vation, or by the use of a radio tracking 
device that plots out the two-dimen- 
sional component of the motion of the 
capsule during its passage (73). 

A transmitter of the type used to 
transmit pressure in the gastrointestinal 
tract has also been used to transmit 
bladder pressure and steadiness in stand- 














Fig. 6. Spontaneous restoration of peri- 
stalsis in the large intestine (cecum) after 
cessation following the trauma of gall- 
bladder removal. The small regular fluctua- 
tions are pressure changes due to breath- 
ing. Major time divisions are 20-second 
intervals. (Top) No activity after 1 hour. 
(Middle) Ten minutes later, activity starts. 
(Bottom) Three hours after the previous 
record. In the top and middle records the 
deflection times 1.6 gives the pressure in 
millimeters of mercury; in the bottom 
record the factor is 3.2. 
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ing (6), uterine contractions and fetal 
heart sounds (/4), and teeth clenching. 
When the transmitter is used in vari- 
able-acceleration situations, a projecting 
ring prevents direct pressure by the 
body on the diaphragm. A _piezoelec- 
tric sensor is of no advantage here but, 
if vibrating, can measure viscosity by 
variable damping. 

The sensitivity of the capsule to tem- 
perature has been mentioned. Inclusion 
of a temperature-sensitive reactance can 
maximize this. A passive transmitter 
consisting of a coil and temperature- 
sensitive capacitor (7) has recently been 
tested as a permanently implanted 
monitor of ovarian function (/5). The 
original blocking oscillator (7) was 
quite sensitive in monitoring tempera- 
ture, and this is essentially the circuit 
used to study the incubation of penguin 
eggs in the Antarctic (/6). 

The significance of acidity measure- 
ments along the gastrointestinal tract 
is not always clear, but there are experi- 
ments one might wish to perform. For 
example, one might determine whether 
administration of vitamin D to a child 
with rickets changes the pH in the in- 
testine as a result of the effect on calci- 
um, or one might investigate whether 
the difference in intoxicating effect of 
different alcoholic beverages is due to 
a buffering action by some and not by 
others. The use of an antimony elec- 
trode to measure pH has been men- 
tioned (6, 17). These electrodes, though 
heving a low impedance convenient for 
transistor circuits, are sensitive to vari- 
ous other chemical systems in the body. 
Thus, the data they transmit, which may 
prove clinically useful, possibly should 
be termed “antimony numbers” rather 
than pH. A tungsten electrode seems no 
better. If the second electrode is made 
of silver chloride, rather than of stand- 
ard materials in a wick configuration, 
then additional sensitivity to chloride 
ion is found. The original pH endora- 


diosonde (4), based on the reversible - 


mechanical expansion and contraction 
of certain copolymers that accompany 
changes in acidity, suffers from some of 
these same difficulties. 

The acceptable method of measuring 
pH is to use a glass electrode with a 
transistor circuit having over 100 meg- 
ohms of input resistance. Feedback 
circuits with silicon transistors have 
been built with this degree of input 
resistance, and with recent techniques 
they probably could be sufficiently 
miniaturized. A better approach seems 





to be to apply the voltage to a non- 
linear condenser whose change in 
capacity produces frequency modula- 
tion in the oscillator. Improvements 
over the biased-diode variable con- 
densers mentioned earlier (7) have been 
achieved through the use of newer 
dielectric-amplifier components, and 
suitable resistance is found both in 
polarized titanates and in back-biased 
silicon diodes (10, 11). The field-effect 
transistor appears promising for situa- 
tions where added gain is needed. 

Various bioelectric potentials can be 
transmitted similarly; a lower input im- 
pedance is adequate, and so the direct 
effect of an injected voltage on the 
oscillator often suffices. With the high 
input resistance modulator, one can use 
the large pyroelectric signals from bar- 
ium titanate to detect changes in tem- 
perature, such as those that may occur 
at the edge of some inflammations. 

A problem that has received some in- 
vestigation is that of localizing the site 
of internal bleeding along the gastro- 
intestinal tract, or even of distinguish- 
ing stomach bleeding from duodenal 
bleeding. In an appreciable number of 
clinical cases this site is difficult to 
determine by present methods. Several 
approaches have been tried that would 
sensitize an endoradiosonde to the 
presence of blood. Chemical methods 
seem ambiguous when applied to the 
normal contents of the tract, but pos- 
sibly some colorimetric method could 
be made to work. Oxygen tension can 
be measured by the reversible mechani- 
cal expansion and contraction of cer- 
tain chelates (78), which can be encased 
in a thin film of Teflon for protection 
(7, 6). These can be used with a pres- 
sure endoradiosonde to detect the 
presence of a pool of blood, though 
swallowed air can interfere with such 
an observation. Powering the oscillator 
with an oxygen depolarized battery (re- 
duced version of Eveready 1002 E), or 
with a fuel cell with hydrogen reservoir, 
gives similar results. A polarimetric 
method has been reported for this same 
purpose (/9). Promising approaches 
search for the presence of the red 
corpuscles themselves. Erythrocites, be- 
cause of their thin capsule, have insulat- 
ing properties and a very high effective 
dielectric constant. However, direct elec- 
trical measurement is complicated by 
the active sloughing off of cells by the 
lining of the gut (7/). 

Red corpuscles can be labeled with 
any of several beta-active radioactive 
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elements (20,2/) and then reinjected 
into the donor. Relatively simple animal 
experiments employing a Geiger counter 
with a little shielding show that one can 
detect a lesion if some of the red cor- 
puscles have been labeled (2/) with 
phosphorus-32. Decomposition products 
in the bile do not seriously interfere. 
Such a label lasts only about 2 hours, 
and thus. several endoradiosondes, 
simultaneously operating on different 
frequencies, would have to be placed at 
intervals along the gastrointestinal tract. 
A pteliminary discussion of low-voltage 
radiation detectors for this purpose has 
been given elsewhere (7). 

A transistor with a floating base con- 
nection is quite sensitive to light. Thus, 
if the cover of the transistor in Fig. 1 
is removed, small changes in light in- 
tensity will produce frequency modula- 
tion of the output signal. An even more 
sensitive circuit is obtained by replacing 
the resistor in Fig. 1 with a cadmium 
sulfide cell; in this circuit the radio- 
frequency oscillations are periodically 
interrupted at a frequency that depends 
on the light intensity. In this last ap- 
plication a silicon transistor (for ex- 
ample, the Pacific Semiconductor, type 
PMT-012) gives a better blocking action 
at the elevated temperatures of the body. 
With a radioactive or other light source, 
these circuits could perhaps be used for 
colorimetric measurement. In conjunc- 
tion with a scintillation plastic or crys- 
tal, they also make a low-voltage radia- 
tion-sensitive unit that has applications 
in radiology. Because of the inefficient 
use of the light, such a radiation detec- 
tor is at present too insensitive, by sev- 
eral orders of magnitude, to detect the 
presence of beta-particle-emitting red 
corpuscles. The junction region of a 
transistor shows direct sensitivity to 
beta particles, but because of thinness, 
little of the particles’ energy is made 
available, and insensitivity results. The 
sensitivity of a Geiger counter is needed, 
and tiny ones are readily fabricated. A 
small several-hundred-volt —blocking- 
oscillator power supply was constructed 
in which an elevated counting rate, due 
to increased loading, caused a shift in 
frequency (to combine transmission and 
modulation with voltage generation). 
Radiation of the signal must be from a 
separate coil of a few turns around the 
capsule when a ferrite core transformer 
is used to step up the voltage. Small 
mechanical motions can be introduced 
into these capsules. by the subject him- 
self, by external pressure changes, or by 
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Fig. 7. Simultaneous signals from two transmitters, the upper from the esophagus and 
the lower from the stomach, of a representative healthy subject as various maneuvers 
were performed (marks at top, from left: swallow, swallow, Valsalva, Miiller, deep 
inspiration). Increase in pressure is upward, with sensitivity in the top channel approxi- 
mately half that in the lower channel. The small regular fluctuations are due to breath- 


ing. Marks at bottom, 1-minute intervals. 


the use of external magnets, and thus 
one might alternatively consider using 
either an electrophorus or an electret 
as an electrostatic voltage source for 
these small currents. Radioactive bat- 
teries and small voltaic piles are other 
possibilities. A resistance-strip magnetic 
multiplier (22) could probably be minia- 
turized, but it would present the same 
voltage-source problems. 

Alpha particles, because of their high 
density of ionization, are able to direct- 
ly activate a transistor more vigorously 
(again through use of a floating base 
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connection). The-best solution thus may 
be to label the corpuscles with an alpha 
emitter. One beta-labeling procedure 
(20) also produces alpha-active daughter 
products that tend to remain in the 
corpuscles, and some such method may 
prove. satisfactory. Only those corpus- 
cles directly in contact with the detector 
would be detected. Taking the relative 
biological effectiveness of alpha particles 
as being between three and ten times 
that of beta particles, one can calculate 
the permissible dose for a human being, 
and the result indicates the practicality 
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Fig. 8. Recordings from a subject with hiatus hernia; the upper tracing is from the 
esophagus, the lower from the pouch above the diaphragm. Normal periodic contractions 
are seen in the top tracing. The deflection in millimeters (small divisions) divided by 1.5 
for the top tracing and 0.4 for the bottom tracing gives the pressure in millimeters of 
mercury. VS, expiration against resistance; M, inspiration against resistance; DB, deep 
breath (sometimes producing a drop in both channels); Legs, raising legs from bed. 
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of obtaining a distinct pulse every few 
seconds in the circuit, with practically 
no confusing radiation background. A 
bit more gain than is shown in Fig. | 
would be required between the detector 
and the oscillator; nevertheless, this may 
prove to be one of the more practical 
methods. 


Clinical Observations 


Various groups of ‘workers (23) have 
made recordings from all parts of the 
gastrointestinal tract, as have John 
Carbone and I. I will cite a few ex- 
amples of clinical observations from our 
studies in connection with the pressure- 
transmitting unit. These units have 
proved useful in studying normal pat- 
terns of activity. They are important 
because the subject has no sensation and 
thus is in a relatively normal, nonap- 
prehensive state. The observations can 
be more reliable than the sometimes 
exaggerated readings obtained with the 
inflated-bag technique, in which both 
the size of the bag and its trailing at- 
tachment are disadvantages. Since the 
signal does not travel along a pneumatic 
tube, the frequency response is good. 
The spot in the body occupied by the 
endoradiosonde can be determined ap- 
proximately by using the receiving 
antenna in a direction-finder fashion, 
and more accurately by radiography. 
Passage from the stomach is often 
judged by the temperature response to 
a sip of cold water. 

The pressure-sensitive capsule can 
transmit the small pressure fluctuations 
due to breathing, and even smaller ones 
due to arterial pulsations are often ob- 
served; on the other hand, the same 
type of transmitter in the sigmoid has 
recorded momentary pressures greater 
than the blood pressure of the subject. 
Not only are normal patterns recorded 
but it is possible to test the effects of 
various drugs—for example, spasmoly- 
tics. Figure 5 shows a series of record- 
ings in the sigmoid from a freely mov- 
ing transmitter before, during, and after 
the administration of atropine. 

In the field of surgery, one can study 
the restoration of normal activity after 
the trauma of a surgical procedure. The 
capsule can either be ingested in ad- 
vance or it can be inserted through the 


wound, where it will stay until the re- 
turn of normal activity forces it on- 
ward. Figure 6 is a tracing from such 
a study. The effect of such drugs as 
Hopan or Cozyme in hastening intesti- 
nal activity in the postoperative period 
is being investigated in this way. 

To take an example from the other 
end of the gastrointestinal tract, and 
an application in the study of patho- 
logical conditions, we might note the 
simultaneous use of two transmitters. 
The same type of transmitter is used 
here as in the experiments described, 
but the pressure range is considerably 
less. One transmitter was placed in the 
stomach and the second in the esopha- 
gus of a normal subject, and their 
simultaneous signals were recorded on 
a double-channel ‘recorder, as in Fig. 
7. The two transmitters were kept from 
moving onward, without discomfort to 
the subject, by threads extending up 
into his mouth and tied around a tooth. 
The results of various maneuvers may 
be seen. Similar observations on sub- 
jects with hiatus hernia are being com- 
pared with the results of these various 
maneuvers in normal subjects. In hiatus 
hernia the stomach does not lie entirely 
below the diaphragm, which is normally 
penetrated by the esophagus, and a fold 
of the stomach itself extends up through 
the diaphragm. Figure 8 is a record 
made with one transmitter in the esoph- 
agus and the other in the pouch 
above the diaphragm. We hope that by 
recording the relative pressures in the 
areas above and below the diaphragm 
and in the esophagus we can learn why 
some patients suffer distress from this 
condition while others never know they 
have it. Possibly there is a physical 
explanation involving the shifting back 
and forth of the stomach contents with 
normal activity. The pressure difference 
across the pyloric sphincter has signifi- 
cance in other diseases as well. Record- 
ings have been made from all parts of 
the alimentary tract and from various 
other body cavities, but the examples 
given here were selected as being some- 
what varied. (For other relevant refer- 
ences, see 24.) 

As new techniques develop, the en- 
doradiosondes can be made much 
smaller. For the alimentary tract, the 
presently available commercial 
ponents seem 


com- 
quite satisfactory, but 





extreme miniaturization and _ passive 
transmission are needed, for example, 
for placing a pressure transmitter in 
the anterior chamber of the eye of an 
experimental animal in order to study 
glaucoma (25). 
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Make Important Measurements Faster...More Precisely 


With L&N Convenience-Styled Instruments 


TO OBTAIN 
MEASUREMENTS OF 
TEMPERATURES & MILLIVOLTS 


The use of this three-dial 
8686 Portable Potentiometer is 
rapidly spreading in research 
laboratories. It features a cen- 
tral reading window . . . where 
measured values appear as a 
row of digits plus a scale value 
... for rapid reading of test 
results. This instrument has 
a wide operating range of —10.1 to +100.1 mv and an 
accuracy of +(0.05% of reading +3yv) without reference 
junction compensation; +(0.05% of reading +6uv) with 
ref. jct. comp. Write for Data Sheet E-33(1a). 





TO MAKE 
CHEMICAL ASSAYS BY 
COULOMETRIC ANALYSES 


The Coulometric Analyzer 
meets the need for rapid, 
highly accurate quantitative 
analysis by providing a con- 
stant current (+0.05%) for 
coulometric titrations, a direct- 
digital readout of micro-equiv- 
alent content, and a versatile 
cell-kit which speeds set-up 
time for titrations and permits precise results. Standard 
solutions can be quickly titrated as prepared . . . no need 
to worry about shelf-life of standard solutions . . . no need 
for exacting preparation of standard solution normality. 
Analysis of dilute solutions is convenient and practical. 
Write for Data Sheet E-94(4). 





TO OBTAIN DRIFT-FREE 
MEASUREMENTS OF 
pH AND REDOX 


Only one initial calibration 
setting is required on the LEN 
Stabilized pH Indicator. Syn- 
chronous conversion of d-c in- 
put with amplification elimi- 
nates zero-drift. An electronic 
converter provides d-c feed- 
back to stabilize gain. Ranges 
are 0 to 14 pH, in 0.1 pH divi- 
sions, and for measuring redox potentials, 0 to + 700 mv 
and + 1400 mv—both in 10 mv divisions. Write for Data 
Sheet E-96 (2). 





TO MAKE CONTINUOUS 
CONDUCTIVITY MEASUREMENTS 
‘*ON-LOCATION”’ 


This continuous indicating 
Conductivity Monitor is com- 
petely transistorized. It is 
provided with a linear scale 
calibrated 0 to 100 micromhos/ 
cm (scale reading is multi- 
plied by cell constant). Light- 
weight, the Monitor is ex- 
tremely convenient for check- 
ing in the laboratory or on the process line. Exceptional 
design permits automatic or manual compensation .. . 
provides d-c output signal for recorder or other data-logging 
equipment. Write for Data Sheet E-95(3). 
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With L&N Automated Equipment 


TO RECORD 
TEMPERATURE & MILLIVOLTS 
MEASUREMENTS 


These compact, low-cost 
Speedomax® H Recorders are 
widely used in laboratories for 
measuring temperatures, milli- 
volts, pH, gas chromatogra- 
phy, etc. With interchange- 
able ranges—50 for tempera- 
ture and six for millivolt (0 to 
1, 0 to 5, 0 to 10 mv, etc.)— 
these instruments will record practically any variables 
encountered in research work with a limit of error of +-0.3% 
of span. Write for Data Sheet ND46-51 (100). 





TO MAKE 
FAST, ACCURATE 
POLAROGRAPHIC ANALYSES 


For analyzing metals, organ- 
ics or biochemicals in solution, 
the combination of the L&N 
Electro-Chemograph® and 
Polarotron® is unmatched in 
accuracy and speed. The Elec- 
tro-Chemograph provides: 
fast determination — one-sec- 
ond recorder balancing time 
for full scale travel; minimum error—polarizing accuracy 
to 4 mv. The Polarotron facilitates time-saving operation; 
stable (reference) half-cell comes prepared for immediate 
use. Write for Data Sheet E-97(1). 
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TO RECORD TEMPERATURES 
WITH AN ACCURACY 
OF +0.01 C 


Invaluable in advanced re- 
search laboratories, this High 
Precision Speedomax G Re- 
corder is used with L&N Re- 
sistance Thermometers for a 
variety of temperature meas- 
urements over a range of —190 
to +500 C with an accuracy of 
+0.01 C. An “automatic Muel- 
ler Bridge,” this recorder is used in cryoscopic determina- 
tions of purity, in measuring boiling ranges of liquids and in 
general calorimetry, etc. Write for Data Sheet E-ND46(7). 





These are only a few of the modern, 
precise instruments that L&N provides 
for. today’s exacting research require- 
ments. For further details, write to Leeds 
& Northrup Co., 4926 Stenton Ave., 
Philadelphia 44, Pa. 


LEEDS NORTHRUP 


instruments automatic controls ¢ furnaces 


“Pioneers in Precision” 
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In the Laboratory ... where optical quality counts 


...the trend is to UNITRON Microscopes 
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. PHASE CONTRAST 

POLARIZING BMPE $490 

MICROSCOPE 

MPS. $269 


FREE 
10 DAY: TRIAL 
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BINOCULAR 
AUTO-ILLUMINATION 
BMLU $425 


Photomicrography 
Set 
ACA $39.95 


Po LABORATORY 
. MICROSCOPE 
MLK $198 


UNITRON offers an extensive line of Laboratory Micro- 
scopes & Accessories for Research, Industry and Education. 
Illustrated is a partial selection for biology, medicine, 
chemistry and related fields. UNITRON also has companion 
instruments for the metalworking industries. 
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1 —Inverted--Model -BMEC -with- camera . - ats Bb | 
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UNITRON’S Complete Laboratory Installation for High- 


Temperature Metallography with Metallograph and HVC-: 
Control and Power Station. 


Projection Screen .. $95. 
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HITACH EI Electron Microscopes 


...and presenting the HS-6 





Hitachi’s outstanding HS-6, the permanent 
magnet electron microscope, is equipped with 
four lenses (condenser, objective, intermediary, 
projection) with a resolving power reaching 25 
A.U. upwards and ensures an electron optical 
magnification continuously changeable from 
2,000x to 20,000x. 

The HS-6 is proving itself doubly invaluable 
photographically as an_ electron diffraction 
camera using an additional specimen stage and 
as the so-called “selected area” diffraction 
camera. (Camera chamber is loaded with 18 
cassettes permitting 36 successive exposures.) 

Simplicity of operation, mechanics and cir- 
cuitry make the HS-6 the ideal instrument 
for researchers in the most sensitive medical 
and biological fields. 


_Witoohi Ltd. 


Tokyo Japan 
Cable Address: ‘''HITACHY'’ TOKYO 





featuring 
the new HU-11 


Hitachi, Ltd. of Japan, in advance of world- 
wide competition, announces the successful pro- 
duction of the HU-11, the latest in electron 
microscopes. 

The new HU-11 is an enlarged, high effici- 
ency electron microscope, guaranteed 8-10 
Angstrom Unit resolution, capable of probing 
the very basic structure of matter. This is pos- 
sible in the HU-11 because it is equipped with 
a chromatic aberration compensating lens sys- 
tem, a development uniquely Hitachi. 

Other improvements include an enlarged spe- 
cimen chamber facilitating handling of acces- 
sories, an exhaust system trap reducing contami- 
nation to a minimum (therefore eliminating the 
need to disassemble the column), increased ex- 
posure area of photography permitting record- 
ing of high resolution diffraction rays. 





For more detailed information get in touch with 


ERB & GRAY SCIENTIFIC, INC. 


854 S. Figueroa St., 
Los Angeles 17, Calif. 


5927 Riverdale Ave., 
New York 71, N.Y. 
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INSTRUMENTS AND TECHNIQUES 





Emission Spectrochemuistry 


in Nutrition Research 


The potential utility of spectrochemistry in mineral 
nutrition research is not yet fully exploited. 


“As well as can be judged from the 
literature, biological spectroscopy has 
not been troubled by too much imagi- 
nation. In fact, one can briefly describe 
the cookbook recipe of experimental 
design: take a certain amount of urine, 
blood, or tissue of some animal or man. 
Destroy the organic parts with perchlo- 
ric acid, fire, or sword until they have 
returned to ashes. Introduce the ash 
into a flame, an arc, or a spark, and 
photograph the spectrum. If unexpected 
metals are found, the literature has 
been enriched by two papers: the first 
one reporting the presence of an un- 
usual metal, perhaps a rare earth; the 
second paper, a letter to the editor, 
contending that this new and startling 
finding represented contamination” (/). 

Unfortunately the foregoing quota- 
tion seems to apply to a large amount 
of the mineral-nutrition research done 
in the past. This situation arose partly 
because much of the work was done 
by spectrochemists, whose primary pur- 
pose was to. demonstrate the feasibility 
of applying spectrochemistry in this 
area of research. That this goal was 
achieved is evidenced by the large num- 
ber of nutritionists presently interested 
in the technique as a means of obtain- 
ing useful data on mineral nutrients in 
various systems. The existing shortage 
of personnel thoroughly trained in spec- 
trochemistry makes virtually inevitable 
a rapid increase in the number of peo- 
ple who will become “part-time spec- 
trochemists” while remaining primarily 
interested in the elucidation of the 
fundamentals of mineral nutrition. It is 
important, therefore, that these people 
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be thoroughly familiar with the basic 
concepts of spectrochemistry. 

Emission spectrochemistry embraces 
all analytical methods based on the 
phenomenon that energized atoms, ions, 
and molecules emit electromagnetic ra- 
diation when they lose energy. In this 
article (2), attention is focused on op- 
tical emission spectrochemistry, the 
greatest emphasis being placed on the 
vaporization and excitation steps. In 
addition, I shall seek to clarify some 
misconceptions about the capabilities 
that this technique possesses, or that it 
may be expected to possess with further 
improvements in methodology. Some 
specific examples of the use of the tech- 
nique in nutrition research are included. 


Basic Principles 


In 1944, Churchill (3) voiced the 
opinion that, “because of the almost 
unlimited number of combinations and 
permutations of electrical, optical, 
chemical, and physical variables pos- 
sible in a spectrochemical analysis, and 
because of the interdependence of these 
variables on each other, there is no op- 
timum value for any one of the vari- 
ables except in relation to all of the 
others.” Let us, then, first examine the 
over-all problem. 

In qualitative analysis, the spectral 
lines emitted by an excited sample are 
generally photographed on a film or 
plate. When only a few specific ele- 
ments are sought, their lines are usually 
identified by comparison with spectra 
of the pure elements, photographed in 
juxtaposition. In other instances it is 
often necessary to determine the wave- 
lengths of lines by measuring precisely 
the distances that separate them from 
lines of known wavelength. 


Quantitative analysis, on the other 
hand, is based on the fact that the in- 
tensity of a spectral line of an element 
is a function of the amount of that 
element in the source. To obtain a rela- 
tive measure of intensity, photographic 
densities can be measured with a densi- 
tometer or microphotometer, these val- 
ues being converted to relative intensi- 
ties by means of an emulsion calibration 
curve relating these two variables. 
Strock (4) indicated some of the dif- 
ficulties in this procedure and empha- 
sized that photographic intensities are 
only relative measures of light-source 
intensities. Recently, direct-reading in- 
struments, in which light intensities are 
recorded photoelectrically, have become 
very popular. Although these instru- 
ments are more expensive and less ver- 
satile than photographic ones, they 
eliminate many errors inherent in pho- 
tographic procedures, thereby providing 
excellent precision for routine high- 
speed analyses. Apparently, then, quan- 
titative analysis should involve only the 
construction of an analytical calibration 
curve relating the intensity of a line to 
the known amount of the element re- 
sponsible for that line in a series of 
standards. This approach was employed 
with some success by Slavin (5) in his 
“total energy” method, but it has not 
gained general acceptance because of 
the multitude of factors that affect the 
total amount of light emitted by a given 
weight of an element. The interested 
reader can find numerous references to 
these factors in any one of several 
books—for example, Harvey (6). 

Many of the difficulties of the “total 
energy” method can be overcome by 
using the principle of internal stand- 
ardization, first introduced by Gerlach 
(7) in 1925. In this procedure, concen- 
tration of the element to be determined 
is measured in terms of the ratio of the 
intensity of the analysis line to the in- 
tensity of a “homologous” line of an- 
other element present in fixed concen- 
tration in all samples and standards. 
Uncontrollable fluctuations that affect 
the intensities of both lines to the same 
extent should not affect the intensity 
ratio between them. Unfortunately, 
complete success has never been at- 
tained in efforts to find line pairs whose 
intensity ratios are insensitive to changes 
in chemical and physical composition. 
Despite some limitations, the internal- 
standard principle placed quantitative 
analysis by optical emission § spectro- 
chemistry on a firm foundation. 

There are four main steps involved 
in the technique: (i) vaporization and 
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(ii) resolution of emitted 
constituent wave- 


excitation, 
radiation into its 
lengths, (iii) recording of spectral lines, 
and (iv) interpretation. Each of these 
steps is considered separately below. 


Vaporization and Excitation 


Vaporization is generally accom- 
plished by thermal means, as with 
flames and arcs, or by bombardment 
with positive ions and high-velocity 
electrons, as exemplified by the high- 
voltage spark source. But this process 
is never entirely thermal or entirely one 
of bombardment, and there is no sharp 
separation between arc and_ spark 
sources. Considerable effort has been 
expended in the development of “hy- 
brid” sources that combine the more 
desirable features of both arc and spark 
(8, 9). Only three basic excitation 
sources will be considered here: flames, 
arcs, and high-voltage sparks. 

Optical emission spectrochemistry is 
a technique for analyzing light emitted 
by atoms, by ions, and by some mole- 
cules that have been sufficiently excited 
to cause valence electrons to move to 
higher energy levels than they occupy 
in the stable state. The radiation emit- 
ted when an electron returns to a lower 
energy level appears as light of one or 
more discrete wavelengths 
characteristic of the atom of the ele- 
ment producing them. Each element is 
characterized by as many different spec- 
tra as the atom has electrons. Thus, the 
lines originating from electron transi- 
tions in the neutral atom are often 
called arc lines, whereas those from the 
singly ionized atom are called the first- 
spark spectra. Greater degrees of ioni- 
zation do occur to a limited extent in 
conventional spectroscopic sources, but 
the lines’ originating from these ions are 
only occasionally of analytical im- 
portance. 

Excitation of atoms in a discharge 
can be accomplished by (i) transfer of 
energy through collisions with atoms 
and ions that are already excited (col- 
lisions of the second kind); (ii) inelastic 
collisions with high-velocity electrons; 
and (iii) absorption of radiation (10). 
In addition, atomic spectra may be pro- 
duced when the bonds in a molecule 
are ruptured (//). The process involves 
a change in an electron from a molec- 
ular orbit to an excited atomic orbit 
and, finally, a return to the ground 
state which produces the characteristic 
spectral line or lines. The relative ac- 
tivity of each of these processes de- 
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pends on a multitude of factors and 
varies greatly in different types of 
sources. 

All the elements can be excited, but 
gases and bromine and iodine are only 
infrequently determined in this way 
because they must be excited in sealed 
systems. These elements can sometimes 
be determined with conventional ap- 
paratus by measuring the band spectra 
of a compound such as calcium fluo- 
ride, but this approach has never been 
generally used. Carbon, phosphorus, 
and sulfur, whose sensitive lines lie be- 
low 2000 A, have been studied inten- 
sively only since the advent of vacuum 
spectrographs, during the last few years. 
Most elements that are readily studied 
by optical emission spectrochemistry 
produce useful lines (including their 
most sensitive ones) between 2000 and 
10,000 A. 

The energy required to excite the arc 
lines of most elements commonly stud- 
ied by this technique ranges between 
1 and 10 electron volts. To excite spark 
lines, the energy must be greater than 
the ionization potentials of the neutral 
atoms, which range from 3.89 electron 
volts for cesium to 24.48 electron volts 
for helium. Meggers (/2) pointed out, 
however, that none of the elements 
commonly determined have ionization 
potentials greater than about 10 elec- 
tron volts. Because of this relatively 
low energy requirement, several differ- 
ent sources of excitation have been 
used successfully; the most popular are 
flames, arcs, and sparks. 

In flame sources the vaporization step 
is largely thermal. The minute droplets 
of solution dry to solid particles that 
vaporize and dissociate as gaseous 
atoms or molecules. These are excited 
by inelastic collisions with high-velocity 
molecules liberated by chemical reac- 
tion between the fuel gases. Commonly 
used gas mixtures yield temperatures 
ranging between 2000 and 4800°K, 
high enough to vaporize most materials. 
The relative proportions of the various 
excited species created depend to a 
great extent on the temperature of the 
flame. In general, low-temperature 
flames only excite lines whose excita- 
tion potential is low; for example, the 
oxyacetylene flame is not useful for 
exciting lines of excitation potential 
greater than about 5.5 electron volts. 
It is not difficult to understand why 
low-temperature flames are not very 
useful for exciting elements whose 
strongest lines have large excitation po- 
tentials. Until recently, therefore, the 
flame source was used mainly for the 
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determination of alkalies and, to a 
more limited extent, of alkaline earths. 
The advantages of the flame are pri- 
marily the simplicity of the spectra and 
the stability of emission, which makes 
for high precision. 

Recently there has been a pronounced 
renewal of interest in the flame source 
as a means of exciting refractory ele- 
ments. One reason for this is the devel- 
opment of sources of much higher tem- 
perature, such as the oxycyanogen flame 
described by Baker and Vallee (/3) 
and by Vallee and Bartholomay (/4). 
This source is capable of providing sat- 
isfactory excitation of such elements 
as beryllium and molybdenum. Robin- 
son (J1) postulated that enhancement 
in such sources is not due entirely to 
temperature increase but is due in part 
to the ultraviolet light that is radiated 
by the reacting gases and absorbed by 
the elements, thereby causing excitation. 

Perhaps of much greater importance 
was the discovery that organic solvents 
increase the emission intensity of many 
elements by a factor of 10 or more in 
such conventional flames as oxyacety- 
lene. Gilbert (75) reported that line 
intensities of several elements were en- 
hanced by a factor of approximately 
1000 when alcohol was used in an air- 
hydrogen flame [a good review is given 
by Dean (16)]. The mode of enhance- 
ment by organic solvents is not com- 
pletely understood. Reduction in sur- 
face tension gives rise in the mist to 
droplets of a smaller mean diameter 
and a greater emission intensity. Re- 
duction in viscosity also tends to pro- 
duce enhancement. To some extent, in- 
crease in temperature in the presence 
of organic solvents may be a factor, al- 
though Gibson and Cooke (/7) indi- 
cated that organic solvents can actually 
lower the flame temperature. Robinson 
(11) suggested that efficiency in pro- 
ducing free atoms to be excited may 
increase in the presence of organic sol- 
vents, because the dissociation process 
is exothermic, rather than endothermic 


‘as in the case of aqueous systems. 


Despite the pronounced increase in 
sensitivity that resulted from _ these 
studies, the flame source still cannot be 
considered ready for application to nu- 
trition studies involving trace elements 
other than the alkalies, whereas optical 
emission spectrochemistry is most use- 
ful in the field of trace analysis. Never- 
theless, flame sources have been and 
will continue to be used to good ad- 
vantage in the determination of alkalies 
and alkaline earths in a great variety 
of materials involved in nutrition re- 
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search. It is not unreasonable to expect 
that, with increasing knowledge of the 
fundamentals of excitation in these 
sources, they may eventually become 
useful for trace determinations of many 
metals. 

Traditionally, the direct-current arc 
has been the source chosen for most 
trace-element analyses of such noncon- 
ducting samples as the inorganic ashes 
of biological materials. It was the sim- 
plest and most versatile source avail- 
able and provided maximum sensitivity 
in most cases, primarily because of the 
large quantity of sample consumed. 
This source was frequently criticized 
for its supposed inability to provide the 
precision required for quantitative 
work. But relative precision values in 
the range of +5 to 15 percent are 
quite adequate for procedures used in 
the study of trace elements in biological 
systems. Methods in which the direct- 
current arc is employed are capable of 
this degree of precision when sufficient 
attention is given to such important as- 
pects as packing of samples in elec- 
trodes and selection of analytical and 
internal standard lines. This is not to 
imply that we are satisfied with what 
we have, but only that we should not 
try to excuse very poor precision on the 
grounds that this is the best that can 
be done with this source of excitation. 
Failure to obtain adequate precision 
can generally be traced to faulty tech- 
nique or methodology. But an operator 
often requires appreciably more train- 
ing and experience to get precise results 
with a direct-current arc than with 
flame or spark sources, and this can be 
a serious limitation. 

For direct-current arc excitation, the 
sample is generally placed in a crater 
in one of a pair of conducting elec- 
trodes (Fig. 1, A and B), with a low- 
voltage arc bridging the analytical gap 
between the electrodes. Graphite or 
carbon is the common electrode ma- 
terial, although such metals as copper 
and silver are used in a few instances. 
Temperatures produced in the gaseous 
arc column range between 4000° and 
8000°K, depending on the conductivity, 
which in turn is a function of sample 
and electrode composition. The inten- 
sity of a spectral line depends on the 
number of atoms that occupy a given 
energy level and the efficiency with 
which they are excited. Since both these 
factors are greatly influenced by tem- 
perature, it is not surprising that much 
effort has been devoted to the measure- 
ment of arc temperature as a function 
of sample-matrix composition. Unfor- 
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tunately the temperature in an arc col- 
umn is not homogeneous, not even ap- 
proximately so. Consequently, theoreti- 
cal explanations for experimentally ob- 
served phenomena developed slowly, 
but the many papers that have been 
published on arc-temperature measure- 
ments provide a partial understanding 
of excitation phenomena. The works of 
Addink (/8), Duffendack and LaRue 
(1/9), Leuchs (20) are typical of these. 

Arc temperature is not the only im- 
portant variable in direct-current dis- 
charges, nor is it the only one not com- 
pletely understood. Mitteldorf (2/) 
pointed out that basic information on 
functional relationships between such 
factors as arc current and sensitivity is 
relatively limited. He also suggested 
that further study be made of the re- 
sults of making the sample-bearing 
electrode, in turn, the anode and the 
cathode. In most procedures the sample- 
bearing electrode is made the anode 
because the anode is much hotter than 
the cathode and a large amount of 
sample is thus rapidly volatilized. On 
this basis one might expect greater 
sensitivity with anode than with cathode 
excitation. The difficulty here is that 
the extremely hot anode radiates a large 
amount of continuous light that pro- 
duces a heavy background, and sensi- 
tivity is determined by line-to-back- 
ground ratio rather than by absolute 
line intensity. Furthermore, Mannkopff 
and Peters (22) showed that most 
elements emit most strongly in the im- 
mediate vicinity of the cathode. Strock 
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(23) termed this phenomenon the 
“cathode layer effect.” He found that 
sensitivity increased by a factor of as 
much as 100 for some elements in cer- 
tain matrices if only the light from a 
1- or 2-millimeter area directly adja- 
cent to the cathode tip was admitted 


to the spectrograph. Enhancement 
was most pronounced for elements 
of low ionization potential present 


in trace amounts in small samples 
(of the order of 1 to 5 mg). According 
to Mitchell (24), who made extensive 
use of this technique in agricultural 
analyses, the presence of large amounts 
of ihe elements to be determined results 
in increased emission from the arc col- 
umn, and the difference between it and 
the cathode layer decreases. 
Mitteldorf (2/) questioned the ne- 
cessity of restricting sample size in view 
of the success achieved in the analysis 
of high-purity graphite and carbon elec- 
trodes by this method, because in such 
analyses the sample size is relatively 
unlimited. It might be rewarding to 
study the “cathode layer effect” for 
volatile trace elements in large samples 
(20 to 50 mg) where the volatilization 
of the matrix could be suppressed by 
some means. By preventing flooding of 
the discharge with the major compo- 
nents of the sample, the total number 
of atoms and ions in the discharge 
would remain small, since only the vol- 
atile elements would be present, and 
the “cathode layer effect” should there- 
fore manifest itself. One possible meth- 
od of achieving this result with certain 
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Fig. 1. Cross-sectional diagrams of a few common ele~ -ode combinations. 
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matrices might be to use argon or some 
other inert atmosphere around the dis- 
charge. Vallee and his associates (25) 
and Rupp, Klecak, and Morrison (26) 
reported large gains in sensitivity for 
volatile elements when inert atmos- 
pheres were used. Of the several factors 
operating in combination, prolongation 
of volatilization of volatile elements and 
suppression of matrix volatilization are 
probably the most important. Since 
light from the cathode tip was not iso- 
lated, the reduction in background as a 
result of the cooler anode very proba- 
bly helped. Still another advantage of a 
gas such as argon is the elimination of 
troublesome cyanogen-band and metal- 
lic-oxide spectra. As a result of such 
elimination, several very sensitive lines 
that are normally useless because of the 
interfering band spectra become avail- 
able for purposes: of analysis. 

As for atmospheres around the arc, 
Stallwood (27) demonstrated a marked 
increase in precision that resulted from 
blowing a curtain of air upward around 
the sample as it burned. Substantial re- 
duction of matrix effects was also ob- 
tained. Many investigators now com- 
bine use of the jet and of inert gases 
quite advantageously. 

A wide variety of electrode shapes 
have been devised to provide certain 
desirable properties for various types of 
sample matrices. Many of these are dis- 
cussed by Mitteldorf (28). Recently 
much controversy has arisen over the 
choice between carbon and _ graphite 
electrodes. Graphite has been used pre- 
dominantly in the United States where- 
as carbon is favored in other countries. 
The chief advantage of carbon is that it 
attains higher temperatures than graph- 
ite because its crystal structure makes 
it 2 poorer conductor of both heat and 
electricity. The main disadvantage of 
carbon is that it is difficult to machine 
because of hardness and _ brittleness. 
Spindler (29) reviewed recent compari- 
sons of the two materials and reported 
his own observations. One of these was 
that although use of carbon craters 
speeded up vaporization of the sample, 
as expected, mixing of carbon powder 
with the sample materially slowed the 
vaporization process. 

The problem of fractional distillation 
should be discussed more specifically. 
With the direct-current arc, thermal 
energy is used to vaporize a bulk sam- 
ple from a crater, enabling low-boiling 
components to distill off first. The situa- 
tion is complicated, however, by chem- 
ical reactions. For example, a normally 
volatile compound may react with the 
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Fig. 2. Vaporization behavior of iron and 
aluminum from glass sand in a 10-ampere 
direct-current arc. Note that most of the 
iron but only a small portion of the alum- 
inum was volatilized during the first 50 
seconds. [J. F. Gamble, Rutgers University] 


electrode material to form a refractory 
carbide. Usually, fractional distillation 
need not be too serious a problem, and 
it can often be used advantageously, as 
suggested earlier. Many of the difficul- 
ties relative to precision can be elimi- 
nated when data on the vaporization 
behavior of the material being analyzed 
are at hand (Fig. 2). In view of the 
ease with which such data can be ob- 
tained through jumping-plate studies, 
failure to obtain such information is 
inexcusable. Where fractional distilla- 
tion affords no advantages, it can often 
be minimized by one of several meth- 
ods, such as the use of the Stallwood 
jet. A concise introduction to fractional 
distillation is given by Ahrens (30). 
In contrast to the general use of the 
direct-current arc in agriculture and 
biology, the high-voltage alternating- 
current spark is preferred in the field of 
metallurgy. Four major generalizations 
account for this: (i) the spark provides 
better precision than the arc; (ii) metal 
samples, which are most easily analyzed 
as self-electrodes, are not melted by 
the spark; (iii) the sensitivity of the 
spark, although generally less than that 
of the are because of the small amount 
of sample vaporized, is sufficient for de- 
termining most alloying constituents in 
metals; and (iv) matrix effects are min- 
imized with the spark, although it must 
not be assumed that they are nonex- 
istent. Recent research on the applica- 
tion of spark excitation to analysis of 
solutions resulted in significant increases 
in sensitivity, and this approach now 
seems very promising as a means of 
analyzing a great variety of samples. 
Samples from the area of nutrition re- 


search definitely fall within the scope 
of this technique. 
Solution methods can be classified 
in two general categories: true solution 
and solution residue. The porous-cup 
technique developed by Feldman (3/) 
is probably the foremost of the true- 
solution methods. In this technique, a 
hollow upper electrode with a thin 
porous bottom is used; the solution 
slowly percolates through the bottom 
(Fig. 1C). A very informative article 
on the excitation processes with this 
type of electrode was published by 
Feldman and Wittels (32). Mitchell 
and Scott (33) found this method 
very useful for the analysis of soil 
extracts, and Vallee (J) employed it 
for the analysis of biological tissue. 
Its major disadvantages are its fail- 
ure to function well with solutions of 


high salt concentration and the varia- 


ble porosity of its electrodes. 

Another versatile true-solution meth- 
od involves the use of a rotating graph- 
ite disk that dips into the solution and 
transports fresh sample on its periphery 
into the spark-excitation zone (Fig. 
1D). This method was popularized by 
Applied Research Laboratories, Glen- 
dale, California (34). Of particular in- 
terest to the nutritionist is the applica- 
tion of this technique by Paolini and 
Kennedy (35), who determined five ele- 
ments in food products directly, with- 
out ashing. An interesting study of the 
effects of basic variables on excitation 
was reported by Waggoner (36). 

Flickinger, Polley, and Galletta (37) 
described a method in which the solu- 
tion is held in a polyethylene vial cap 
fitted tightly around a center-post elec- 
trode. The solution feeds through a 
small hole in the outer electrode wall 
and bathes the center post, which con- 
ducts it to the analytical gap by capil- 
lary action. A modification of this 
technique, in which the electrode has a 
small hole drilled in the top for conduc- 
tion of the solution, was recently de- 
scribed by Zink (38) (Fig. 1E). Though 
very promising, this system has not 
been adequately evaluated as yet. There 
are several other true-solution methods 
of less interest, which I shall not con- 
sider here. 

In all probability the best-known 
solution-residue method in which spark 
excitation is employed is the copper- 
spark technique of Fred, Nachtrieb, and 
Tomkins (39). Hydrochloric acid solu- 
tions of the samples are dried on the 
ends of high-purity copper rods and 
excited. The sensitivity obtained, which 
is comparable to that obtained with the 
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direct-current arc, was attributed to the 
ease with which the residue can be 
excited, due to the fact that it does not 
penetrate into the copper. There is one 
major limitation: solvents that react 
with copper cannot be used. In an 
attempt to circumvent this limitation 
Pickett and Hankins (40) used graphite 
electrodes treated with paraffin dis- 
solved in toluene (Fig. 1F), but this 
coating was not impervious to the 
perchloric acid solutions they wished to 
use. Morris and Pink (4/) obtained 
sensitivities in the low millimicrogram 
region for several elements evaporated 
from aqueous solutions containing little 
or no acid by treating graphite elec- 
trodes with Apiezon N_ grease dis- 
solved in ether. I have since shown (42) 
that good precision and accuracy can 
be obtained with several different acid 
solutions, but only when penetration 
into the electrode is completely elimi- 
nated. (Plicene and polyethylene were 
satisfactory as “acid proofing agents” 
in most cases.) As a result, the scope 
of this procedure has been considerably 
enlarged. Similar considerations apply 
to the rotating “platrode” developed by 
Rozsa and Zeeb (43), wherein a 0.25- 
inch graphite disk is substituted as the 
bottom electrode so that solution vol- 
umes up to 0.5 milliliter can be evapo- 
rated (Fig. 1G). An excellent com- 
parative study of both solution-residue 
and true-solution methods was _ pub- 
lished by Baer and Hodge (44). 
Another approach, somewhat anal- 
ogous to residue methods, is to mix 
sample ash with briquetting graphite 
and mold a pellet under high pressure. 
Such a pellet becomes an electrical 
conductor that can be affixed to a sup- 
porting electrode. Muntz and Melsted 
(45) used this approach for unashed 
plant material, but the precision at- 
tained was less than is usually required. 
Although true-solution methods are 
often more convenient, the laboratory 
of the department of soils at Rutgers 
has been primarily concerned with resi- 
due methods. W. J. Hanna of that de- 
partment suggested that it would be of 
considerable value to be able to analyze 
plant tissue and related material con- 
taining low levels of radioactive tracers. 
Analytical data depicting the over-all 
mineral-nutrition status of a plant 
should materially aid*in the interpreta- 
tion of tracer behavior. Of the several 
methods discussed, the solution-residue 
method, with 0.25-inch electrodes, is 
best adapted to this problem because of 
its small heat production, its cleanliness 
and simplicity, and its utilization of 
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samples of minimum size. Such a dis- 
charge can readily be enclosed, and the 
small amount of gaseous material pro- 
duced can be scrubbed and monitored 
for radioactivity. 

Jarrell (8) presented some simplified 
circuit diagrams of instruments that 
have been used to generate spark dis- 
charges and discussed the principles 
involved. Of special interest is the elec- 
tronically controlled spark, by which 
Bardocz (46) was able to greatly reduce 
continuous background and air lines by 
preventing radiation from the first 10 
microseconds of each gap breakdown 
from entering the spectrograph. In 
combination with those solution tech- 
niques that can be used over long ex- 
posure times, a sharp reduction in back- 
ground might possibly result in appre- 
ciable increases in sensitivity. 

Vaporization and excitation processes 
in spark discharges are extremely com- 
plex and are not completely understood. 
Feldman (47) described the mechanism 
ot the spark as the ejection of material 
from the sample into the discharge, 
“shot-gun style.” Braudo, Craggs, and 
Williams (48) and Feldman and Wittels 
(32), among others, reported on tem- 
perature studies, but the nature of the 
discharge was a complicating factor. 
Perhaps the most comprehensive report 
on the fundamentals of excitation in the 
spark was that of Mandelstam (49). 
Further breakthroughs may result when 
more work has been done on time- 
resolved spectra with the Bardocz or 
similar sources. 


Resolution of Emitted Radiation 


Many successful arrangements with 
prisms or gratings have been developed 
for resolving emitted light into its 
component wavelengths. This problem 
has too many aspects to be thoroughly 
discussed here, and it would be pre- 
sumptuous of me to consider any one 
system to the exclusion of others. I shall 
present only a few points of special 
interest in biological analysis [for a 
description of fundamentals, see Sawyer 
(50)}. 

One of the most important require- 
ments of a spectrograph is adequate 
dispersion, usually expressed as_ the 
reciprocal linear dispersion in angstroms 
per millimeter, on the photographic 
plate. This expression is unfortunate in 
that higher values represent less disper- 
sion—that is, more crowding of lines. 
According to Mitchell (24), “It is in 
general not the elements to be deter- 


mined, but the source to be used and 
the composition of the material to be 
examined, in so far as its major con- 
stituents are concerned, which decide 
the instrument to be used.” As the 
number of lines produced by the major 
components increases, the reciprocal 
linear dispersion must decrease, so that 
lines from the matrix material will not 
interfere with analytically important 
lines. Since biological matrices gener- 
ally give rise to spectra with only a 
moderate number of lines, most spec- 
trographs have sufficient dispersion. 

Sensitivity is directly related to dis- 
persion. Line-to-background ratio is 
most often the factor limiting sen- 
sitivity. This ratio increases as the re- 
ciprocal linear dispersion decreases, 
because the same amount of back- 
ground is spread over ‘a larger area 
while the line remains unaffected. Jar- 
rell (50) emphasized that this increase 
in sensitivity occurs only up to the criti- 
cal dispersion at which the slit and 
line widths are equal. Further reduc- 
tion in the reciprocal linear dispersion 
actually decreases line-to-background 
ratio. Figures 3 and 4 illustrate these 
relationships. 

A second factor of particular interest 
is speed, which we can approximately 
define as light yield. Mitteldorf (52) 
pointed out that speed is the most 
important factor in the analysis of 
micro samples, whereas in the deter- 
mination of trace elements in large 
samples, line-to-background ratio is the 
limiting factor. Speed is also limiting 
for very volatile elements. The relative 
speed of spectrographs is normally in- 
versely proportional to the squares of 
their effective f-numbers. Unfortu- 
nately, low f-number and low recipro- 
cal linear dispersion are mutually exclu- 
sive, since the small spectrograph re- 
quired for low f-number results in a 
large reciprocal linear dispersion. 
Nevertheless, instruments of low f-num- 
ber should be increasingly useful, 
particularly in combination with such 
external devices as inert atmospheres 
that lower the background, for deter- 
mining such volatile elements as arsenic, 
mercury, and selenium. The use of grat- 
ings blazed for a specific wavelength 
can also increase speed appreciably. 


Recording Spectral Lines 


Of the problems attendant on the use 
of photographic emulsions, photo- 
graphic speed merits special mention. 
Eastman 103-0 plates are very high 
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speed plates and are especially useful 
in those cases where background can be 
minimized. With large samples it is 
often better to use a plate of moderate 
speed, such as Spectrum Analysis No. 
1, to take advantage of the fine grain 
and high contrast, which contribute to 
good precision. 

Direct photoelectric recording of 
spectral intensities is much faster and 
considerably more precise than photo- 
graphic recording. But direct readers 
are very expensive and lack the flexi- 
bility often required of a research in- 
strument. Despite this, in the last 5 
years several direct readers have been 
installed in laboratories responsible for 
the analysis of large numbers of biologi- 
cal and agricultural samples. Instru- 
ments that are interconvertible as either 
direct readers or photographic instru- 
ments are available and would seem to 
afford the best solution to the problem 
of analyzing both large numbers of 
routine, and lesser numbers of non- 
routine, samples. 


Interpretation 


Quantitative optical emission spectro- 
chemistry depends on the conversion of 
measured intensities or intensity ratios 
to concentrations by means of a cali- 


bration curve established from several 
standard samples. The lack of primary 
standards for biological and agricultural 
materials is, therefore, a problem of ut- 
most concern. X-ray fluorescence, 
colorimetry, and many other techniques 
are plagued by this same difficulty. The 
use of secondary standards that have 
been analyzed by other methods pre- 
sents many problems. If samples. are 
analyzed by only one laboratory, the 
likelihood of serious bias exists, and 
when several laboratories participate in 
a standardization program, there is sel- 
dom good agreement in analytical data, 
particularly for trace elements. The 
heterogeneity of this type of sample 
material undoubtedly contributes heavily 
to this variability. As a result, most 
optical emission spectrochemistry labo- 
ratories synthesize their own standards 
from high-purity chemicals. In this con- 
nection, solution methods have the ad- 
vantage of homogeneity, a property that 
is difficult to achieve with powder 
standards, which are likely to frac- 
tionate on standing because of differ- 
ences in particle size and density and 
because of electrostatic effects. 

If availability of satisfactory stand- 
ards, is assumed, there still remains the 
necessity to maintain close control over 
calibration curves, which are subject to 
shifts caused by environmental and 
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other factors. It is common practice in 
many laboratories to expose one or 
more standards along with samples on 
the same photographic plates. Original 
calibration curves are then shifted to 
fit these new but very limited numbers 
of points. I have for some time been 
employing a statistical-control approach 
that has distinct advantages over other 
methods. 

Another important aspect of calibra- 
tion is critical matching of analysis and 
internal standard-element lines. If possi- 
ble, all lines selected should be free 
from self-reversal. In most cases, they 
must be free of interference by lines of 
other elements, although satisfactory 
corrections can occasionally be applied. 
Matched lines should (i) be similar in 
volatilization behavior, (ii) be as close 
as possible in excitation potential, (iii) 
be from elements of similar ionization 
potential, and (iv) be reasonably close 
in wavelength. Some. compromises are 
necessary in general-purpose methods 
for analyzing several elements, but in- 
sofar as possible these criteria should 
be met. 

One further problem in the inter- 
pretation of trace-element analyses is 
contamination from reagents, elec- 
trodes, air, and miscellaneous sources. 
Contamination can never be completely 
eliminated, but complete elimination is 
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Fig. 3 (left). Variations of spectral line and background intensities 
with dispersion, for a slit width of 20 microns. Fig. 4 (above). 
Sensitivity-dispersion relationships for the determination of cad- 
mium in zinc. [Both figures courtesy Jarrell-Ash Co., Newton- 
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the. goal the investigator should strive 
for. For this purpose, direct procedures, 


‘jnvolving a minimum of reagents and 


the shortest possible time lapse from 
start to finish, are most favorable. Con- 
tamination problems start at the mo- 
ment of sample collection. Too fre- 
quently the information sought from a 
sample has been invalidated before the 
sample ever reaches the laboratory. Dis- 
posable polyethylene gloves and con- 
tainers are quite helpful in this regard. 


Application in Nutrition Research 


Both plants and animals require many 
different nutrient elements, a number 
of them in trace amounts. Since the 
concentration of each of these elements 
is in part dependent on the levels of 
one or several of the others, thorough 
diagnosis of nutritional status cannot 
be made on the basis of information on 
three or four elements. The value of an 
analytical scheme providing data on 
many elements in a small sample be- 
comes obvious. 

In the area of plant nutrition, many 
data have been accumulated on trace- 
element concentrations in various plants 
grown on a variety of soils. These data 
are far too extensive for detailed dis- 
cussion here, but they have afforded a 
basis for detecting deficiencies or 
toxicities, or both, of certain elements 
in some plants, and they often make it 
possible to demonstrate lack of balance 
between elements. Much of this work 
has been concerned with forage crops, 
because the requirements of many ani- 
mals for such elements as cobalt are 
fairly well established. Nutrient-element 
composition of fruit-tree leaves has been 
studied with optical emission spectro- 
chemistry by Kenworthy (53) and others 
in an attempt to establish reliable con- 
centration ranges for many elements 
in trees not showing evidence of a de- 
ficiency or an excess. Influences of 
climate, age of plant, season, location, 
and many other factors greatly com- 
plicate this situation. Bradford and 
Harding (54) reported variations of as 
much as 50-fold in the minor-element 
contents of orange-tree leaves sampled 
from high-yielding orchards. They sug- 
gest that sampling be carried out an- 
nually in order that~ any long-term 
trends may be detected, and this may 
be the only workable solution to this 
problem. At present, optical emission 
spectrochemistry is the method best 
adapted to the handling of such a pro- 
gram. 
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So far, little progress has been made 
toward evolving analytical procedures 
for estimating the supply of minor ele- 
ments on the basis of amounts of 
“available” nutrients in the soil. The 
work of Mitchell and Scott (24, 33) and 
that of Pickett and Dinius (55) give an 
idea of the degree of success achieved. 
Despite the slow rate of progress, ex- 
pansion of this work is justifiable in 
view of the need for better control of 
crop production to optimize economic 
return. It is conceivable that soils not 
now deficient in trace elements may be- 
come so in the near future. To carry 
out preventive fertilization, deficiencies 
of these elements must be detected 
during the incipient stages. For success 
in this endeavor, periodic analyses of 
many samples for many elements must 
be made. 

The mineral-nutrient content of foods 
consumed by human beings is also of 
interest. Hopkins and Eisen (56) have 
demonstrated the feasibility of applying 
optical emission spectrochemistry to 
the analysis of fresh vegetables from 
urban markets. Such information may 
eventually be related to the geographi- 
cal distribution of conditions of mal- 
nutrition and to distribution of certain 
diseases, although the varied diet of 
human beings probably makes such a 
connection less likely in man than in 
domestic animals. These studies also 
provide an index of contamination by 
spray residues containing copper, zinc, 
arsenic, or other elements. 

Metal-binding in medicine is being 
studied quite intensively (57), and opti- 
cal emission spectrochemistry is being 
applied to a considerable extent in this 
research. Patterns of excretion of trace 
metals and the change in these patterns 
upon infusion of chelating agents has 
been investigated. The work of Perry 
and Perry (58) with ethylenediamine- 
tetra-acetic acid is an example of a 
study in which optical emission spec- 
trochemistry was advantageously em- 
ployed. 

Vallee (7) has investigated subcellu- 
lar fractions of animal organs by this 
method, in studies wherein ability to 
obtain a maximum amount of informa- 
tion from a sample of minimum size 
was essential. Far more insight into 
basic biological functions was obtained 
from a study of individual fractions 
than would have resulted from analyses 
of the total material. As biochemical 
separations are further refined, ever- 
smaller samples will be available for 
analysis. Optical emission spectrochem- 
istry should make a major contribution 


to the furtherance of this research. 

In conclusion, it appears that intelli- 
gent and imaginative application of this 
technique to nutrition research can be 
most rewarding, although other tech- 
niques offer greater advantages in the 
study of some problems. But any lab- 
oratory performing multiple trace-ele- 
ment determinations will find that a 
good spectrograph is a tool of extreme 
versatility and capability when manned 
by a competent spectrochemist. 
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New Method for Heart Studies 


Continuous electrocardiography of active subjects 
over long periods is now practical. 


Electrocardiography today is an in- 
dispensable tool for physiologist and 
physician. Cardiac electrophysiology be- 
gan in 1887 when Ludwig and Waller 
first noted changing chest potentials, 
and practical electrocardiography began 
in 1893 with Einthoven’s string galva- 
nometer work. Then followed the body 
of classic work in this field, but the 
electrocardiograph did not find wide 
use until the advent of modern direct- 
writing instruments. Today’s clinical in- 
strument is convenient and dependable 
and will remain an important tool in 
research and in examinations of estab- 
lished heart conditions. It is still only a 
hit-or-miss affair for studying long-peri- 
od heart action or detecting transient 
heart aberrations. 

Until recently, electrocardiography 
required connecting leads from subject 
to instrument. This was no handicap in 
building present-day principles but has 
been a handicap in studying active sub- 
jects. Leads can be detached during 
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exercise and reconnected later, and with 
special electrodes some exercise is fea- 
sible during recording. However, con- 
siderably more physical freedom is de- 
sirable if one is to learn more about the 
heart under realistic conditions of daily 
life. 

This article reports a series of con- 
cepts and developments concerned with 
obtaining long-period continuous elec- 
trocardiographic records from active 
subjects in order to obtain data which 
constitute a statistically valid sample of 
heart action under conditions that give 
the subject the greatest possible freedom 
of activity. This goal automatically gen- 
erates the problem of handling, in a 
convenient and practical way, the very 
voluminous data acquired. No one can 
adequately examine 100,000 continuous 
ordinary electrocardiograms (24-hour 
recording at a pulse rate of 70). A 
number of early ideas have led to the 
concept of breaking away from the 
limitations of orthodox electrocardiog- 
raphy to solve the scientific problem of 
adequate sampling and the medical 
problem of obtaining electrocardiograms 
in situations other than the highly arti- 
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ficial and unrealistic situation of resting 
quietly on a comfortable pad after a 
good sleep, with no breakfast, and with 
calm confidence in one’s physician. 

In 1939 J. A. Gengerelli and I be- 
came interested in remote stimulation 
of physiological systems as means for 
minimizing interference with the system. 
By modifying a classic experiment, we 
produced contractions of frog muscle 
by stimulating its nerve supply by 
means of a changing electric field 
without electrodes or connecting wires 
(1). This raised the converse question 
of whether an external field is created 
by a nerve impulse. From these two 
basic and converse ideas developed a 
series of studies leading, on the one 
hand, to the remote stimulation of the 
brain of the intact animal and a study 
of corresponding behavior (2, 3) and, 
on the other hand, to the use of radio 
for the accurate transmission of elec- 
troencephalograms and_ electrocardio- 
grams from freely exercising subjects 
(4, 5). With the electronics of 1942, a 
nerve impulse field was not detected (2), 
but recently we obtained evidence for 
the existence of such a field (6). Radio- 
electrocardiography as a practical and 
convenient technique is now becoming 
relatively routine; its first clinical appli- 
cation was by MacInnis in 1954 (7). 


Steps toward Freedom 


Up to this point there has been de- 
veloped only what I would call an initial 
step toward freedom—the elimination 
of entangling wires. Moreover, while 
telemetering per se does provide greater 
freedom of action, it does not provide 
practical long-period continuous elec- 
trocardiography. It also requires an in- 
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dividual to remain within range of radio 
receiving and electrocardiographic ob- 
serving equipment and has the disad- 
vantage of being subject to occasional 
radio interference. W. R. Glasscock and 
I therefore developed a portable radio- 
receiver tape-recording unit, to be car- 
ried by a subject free to go where he 
wished as long as he took the “ECG 
brief case” and left it in his general 
environment (8). Still needed, however, 
was freedom from such baggage and 
from radio interference, plus means of 
rapidly studying the long magnetic tapes 
obtained. We therefore developed the 
“electrocardiocorder,” which eliminates 
radio circuits at both ends and, when 
used with rapid-analysis instruments 
developed for the purpose, achieves 
what I call full freedom (9). This means 
freedom from connecting wires, free- 
dom from the restriction of staying in 
one locality, freedom from the incon- 
venience of carrying electronic baggage, 
and freedom to make records of any 
desired length and still be able to ana- 
lyze them. Thus the sequence of con- 
cepts progressed from remote stimu- 
lation of nerves to the hardly antici- 
pated stage of our next efforts—the 
study of the heart action of swimmers, 
forest fire fighters, bronco riders, and 
sO on. 

Beginning steps are illustrated in Fig. 
1 (top), which shows our current radio- 
electrocardiograph system; the “electro- 
cardiocaster” is held in the hand, and 
the radioelectrocardiograph receiver, de- 
modulator, oscilloscope, and_ clinical 
electrocardiograph are at the right—a 
useful system when we need to make 
observations at the exact moment of 
the heart beat. The lower part of Fig. 1 
shows our ECG brief case in use; a 
subject is eating in a restaurant while 
an electrocardiocaster in his upper coat 
pocket sends data to the unit on the 
small table by the wall. This system is 
also one step toward truly long-period 
continuous electrocardiography, because 
magnetic tape storage in the unit re- 
places spot observation on an oscillo- 
scope or on electrocardiograph paper. I 
define “long-period” as longer than a 
half hour, the usual limit for one roll 
of ordinary electrocardiograph paper. 

The electrocardiocorder is shown in 
Fig. 2. It is a small portable unit con- 
taining voltage amplifier, power am- 
plifier, oscillator, mixer, temperature 
compensator, recording heads, motor 
control, drive mechanism, batteries, tape 
and reels, case, switches, and connec- 
tors. It is oval, measures 19.5 by 9.8 by 
4.6 centimeters, weighs 1 kilogram, and 
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Fig. 1. (Top) Laboratory radioelectrocardiograph system; (bottom) portable version in 


use. 


is conveniently carried in a man’s coat 
pocket or a woman’s strap-type hand- 
bag, or is fastened to the chest during 
unusual physical activity. The power 
supply is adequate for 80 to 100 hours 
of operation, and the tape capacity is 
10 hours; after 10 hours the tape is 
changed for longer tests. Our latest 


model just completed 1000 hours of 
total operation without failure. The 
woman shown in Fig. 3 is walking up- 
hill after working 8 hours. The tape, of 
10-hour capacity, provides a continuous 
record of all heartbeats from 1 hour be- 
fore to 1 hour after her workday. Chest 
leads, approximately V: leads, are used. 





Fig. 2. The recorder-analyzer system for long-period continuous electrocardiography of 
active subjects and rapid analysis of the resulting voluminous data. 
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AVSEP-Arrhythmiagraph Analyzer 


without 
means of rapidly locating parts of in- 
terest; this is accomplished by the anal- 
ysis part of the system. Changes in form 
are detected by “AVSEP” (an abbre- 
viation for “audio visual superimposed 
electrocardiogram presentation”); the ar- 
rhythmia detector is described later. A 
crude model of the analyzer described 
in 1957 (5), was a floor-rack assembly, 
but the model shown in Fig. 2 is as 
portable as an ordinary electrocardio- 
graph, In operation, electrocardiocorder 
tapes move at relatively high speed 
and present the signals on an oscillo- 
scope, each electrocardiogram being 
rapidly superimposed upon its predeces- 
sor. Electrocardiograms which are con- 
tinuous duplicates of each other thus 
appear as a single, relatively steady 
electrocardiogram, as shown in Fig. 4 
(top). This is a 1-second photograph 
of the AVSEP screen; during this pe- 
riod, 80 electrocardiograms were dis- 
played. The signals are also presented 
aurally, as a noisy growl in the low 
audio region; and the ear notes any 
change in the nature of this noise, thus 
adding to the over-ail sensitivity of the 
method. If only one electrocardiogram 
differs significantly, the change will be 
seen and heard. During complicated 
heart attacks the “single” dynamic elec- 
trocardiogram pattern of AVSEP ap- 
pears much like a snake writhing about, 
showing details of the attack and of its 
approach and termination. 

The tape, run at 60 times the record- 
ing speed of 7% inches per minute, 
provides two signals from the recording 
heads, which are mechanically displaced 
so that AVSEP will begin with the P 
wave rather than the R wave used to 
trigger the sweep. One signal goes 
through an amplifier stage, through an 
integrator (to correct reproducing-head 
distortion), through another amplifier, 
and to the AVSEP speaker and oscillo- 
scope. The alternate signal goes through 
an amplifier stage, a clipper-filter stage, 
and a delay-trigger stage, becoming a 
sawtooth signal for the horizontal 
AVSEP sweep; it goes also to a separate 
oscilloscope (Fig. 5, bottom) to form 
the arrhythmiagram. A 10-hour record 
can be examined in 10 minutes; a syn- 
chronized clock tells the observer the 
time of day for any part of the tape, so 
changes can be correlated with activity. 
Myographic potentials, when present, 
rarely interfere because the AVSEP 
pattern is regular and the unwanted 
signals are purely random. 


Long records are _ useless 
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Fig. 3. The electrocardiocorder in use, car- 
ried in a handbag. The chest leads run 
down the strap. 


The arrhythmiagraph part of the 
analysis unit presents rapid, quantita- 
tive, compact information on pulse ir- 
reguiarities, whereas AVSEP is used to 
observe changes of form. (Changes in 
pulse time, the R-R interval, are seen 
on AVSEP only as a rapidly changing 
tail on the electrocardiogram.) The ar- 
rhythmiagraph idea (10), which may 
or may not be new with us, is illustrated 
schematically in Fig. 6 (top). The dia- 
gram shows the conversion of each 
R-R interval to a vertical line whose 


Fig. 4. (Top) Normal AVSEP pattern; 
(bottom) pattern of a bigeminy attack. 


length is proportional to pulse time; 
compression of the pattern into a small 
space; and the resulting prominence of 
two arrhythmias. (Actually, a prema- 
ture beat results in a short vertical line, 
and it is the long line, representing the 
compensatory pause, that stands out 
most prominently.) In a test on a cer- 
tain very long ordinary paper record, 
2 hours of a technician’s time were re- 
quired to establish with confidence the 
existence of 16 premature systoles, 
whereas the same quantitative result was 
obtained from the corresponding ar- 
rhythmiagram in 6 seconds. Typical ar- 
rhythmiagrams are also shown in Fig. 6 
(middle and bottom). Premature sys- 
toles may be seen; the bottom record is 
from a subject with an extremely heavy 
work load, mental and physical fatigue, 
and inadequate sleep, who had drunk 
a considerable amount of coffee. 


Electrodes 


There have been occasional innova- 
tions in the design of electrodes for 
orthodox electrocardiography—innova- 
tions in shape, size, and material and in 
holding devices (elastic straps, suction 
cups, and so on)—but little attention 
heretofore has been paid to problems 
that arise with use over long periods. 
Such problems are changes in imped- 
ance, patient comfort, dermatitis, effects 
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Fig. 5. Block diagram of the recorder- 
analyzer system. 
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of moving wires, and so on. With the 
advent of long-period continuous elec- 
trocardiography, various modifications 
of the usual methods can be introduced, 
although more work remains to be done. 
I do not intend to give a comprehensive 
review, but interested readers can check 
some references (//) and, with a little 
experience, can readily select some- 
thing suitable for a particular purpose. 
Relatively simple methods will suffice 
in some cases—for example, flat elec- 
trodes with the usual paste, held on 
the chest by small balls of cotton and 
strips of paper masking tape. An Ace 
bandage around the chest provides add- 
ed support. More elaborate methods are 
needed for recording periods of several 
hours to several days; it is my present 
opinion that the best long-period elec- 
trodes will be some form of the so- 
called fluid-type assembly, with elec- 
trodes supported some distance from 
the skin in a manner to seal a suitable 
electrolyte between electrode and skin. 
Glasscock proposes carbon electrodes 
in such assemblies; his preliminary tests 
show minimal artifacts from motion. 


Medical Uses of the System 


The electrocardiocorder-AVSEP-ar- 
thythmiagraph system may be_ used 
both in clinical research and in routine 
medical practice. A discussion of med- 
ical uses of necessity includes research 
uses, since routine use of the system at 
this time often uncovers new facts on 
heart action. Many individuals come to 
autopsy without having had _ either 
symptoms or treatment of what are 
found to be heart lesions of a type 
which would have shown on an electro- 
cardiogram. The problem of asympto- 
matic heart disease is intriguing and 
important, both clinically and academ- 
ically (/2). As stated in the introduc- 
tion, orthodox electrocardiography will 
always have its uses in the measurement 
of established heart conditions, but it 
does not provide an accurate sampling 
of all-day heart activity any more than 
the analysis of a single rock provides 
an accurate sample of a mountain of 
ore. Throtigh AVSEP and arrhythmia- 
graphic analysis of a long electrocardio- 
corder record, there is a far better 
chance of finding heart difficulties at an 
early stage. According to one authority 
more than half the individuals who have 
serious arrhythmias are not aware of 
them (/J3), and some sudden deaths 
are deaths from arrhythmia that does 
not result from coronary occlusion. A 
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thorough modern physical examination 
oe Ge 
takes parts of several days of the pa- 
tient’s time, and I suggest that routine 
recording with a_ electrocardiocorder 
for a suitable interval be included, for 
the possible detection of any subclinical 
angina, potentially serious arrhythmias, 
or other transient heart disorders. A 
large clinic might have a number of 
electrocordiocorders in use and one 
analyzer for examining the results. The 


effects of. drugs or other therapy on 
electrocardiagraphic form and _ pulse 
anomalies can be followed quantita- 
tively. 

Figure 7 is an electrocardiographic 
record (of research and clinical interest) 
of one of oyr laboratory subjects at the 
end of a long attack of paroxysmal 
tachycardia. The heart had started beat- 
ing at twice the normal rate 8 hours 
earlier, and the usual medical measures 
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Fig. 6. (Top) Schematic drawing of the arrhythmiagraph; (middle and bottom) typical 








arrhythmiagrams, showing pulse time variability, including premature systoles. 
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4. At the bottom, a heart “can’t decide” 
what pulse rate to settle down to; there 
are several fairly regular pulse times 
from the same heart. The acoustic effect 
is interesting in many of these cases; a 
signal which often sounds like a motor 
boat suddenly sounds like an entirely 
different motor boat as anomalies occur. 

Two of Gilson’s subjects equipped 
with the unit have been involved in 
automobile accidents; in each case the 
patient and equipment survived, but the 
accident precipitated an angina attack 
in one subject. One of our subjects, 
a nervous individual, accidentally vio- 
lated a traffic law while equipped with 
the unit and was stopped by the police. 
The story has an unhappy ending sci- 
entifically, for the unit had run out of 
tape a few minutes earlier. However, 
this illustrates the kind of real-life situ- 
ations in which heart studies can be 
made. 


Research Uses 


We need to learn more about heart- 
beat phenomena and the mechanism of 
production of certain types of electro- 
cardiograms, especially under conditions 
not measurable by traditional methods. 
An isolated heart beats very regularly, 
and all pulse times are equal. Dissected- 
out parts of suitable hearts beat by 
themselves ai steady rates characteristic 
of the heart region. However, when the 
heart is not isolated, outside influences 
disturb the steadiness seen in the iso- 
lated heart. Thus two individuals may 
each have an average pulse rate of 70 
per minute; then why do the two indi- 
viduals arrive at this average by entirely 
different routes? Are these variations 
truly random? What produces them? Is 
a given variability pattern characteristic 
of one individual, and does its frequen- 
cy distribution pattern change and, if 
so, why? The principle of biological 
variability is well illustrated when an 
ounce of alcohol rapidly eliminates a 
“forest” of premature systoles in the 
arrhythmiagram of one individual and 
increases them in another. The quanti- 
tative effects of nicotine, caffeine, alco- 
hol, fatigue, tension, and so on, have 
been easily measured from arrhythmia- 
grams, hence much new pharmacolog- 
ical research can be~conducted with 
these tools. What I call pulse micro- 
structure needs detailed exploration and 
statistical analysis, possibly with both 
our recorder-analysis system and a digi- 
tal computer. We might profitably use 
one data-reduction machine to examine 
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the data provided by another data-re- 
duction machine. 

In 1957 (5) I suggested that signifi- 
cant electrocardiographic changes might 
occur during the normal active day of 
a clinically normal individual. We now 
have good reason to feel that changes 
of considerable magnitude do occur in 
normal people, and we propose use of 
the electrocardiocorder to better under- 
stand the correlation of heart activity 
with eating, exercise, sexual and other 
emotional activity, fatigue, sleep, and 
so on. 

The recorder-analyzer combination 
might be adapted for the study of physi- 
ological phenomena other than those of 
the heart. Some physiological tests al- 
ready provide data which have been 
“integrated” over a period of time, so 
that little would be gained by continu- 
ous recording. This is illustrated by a 
single test for sugar in the urine. If 
such a test is negative, one can say with 
reasonable assurance that sugar was not 
produced by the kidney during the 
several-hour period of filling the blad- 
der. Here one can extrapolate back- 
wards with some safety. On the other 
hand, the usual electrocardiogram or 
electroencephalogram is a. statistically 
insignificant sample of what has oc- 
curred over a period of several hours. 
Hence, I suggest that suitable physiolog- 
ical phenomena be recorded at the site 
of occurrence in such a way as to pro- 


i 





vide the physical freedom necessary for 
normal daily activity. The electrocardio- 
corder can be made into an electroen- 
cephalocorder to free a brain-test subject 
from his radio-receiver environment, 
and it should be possible to design suit- 
able analyzers. 


The Future 


When I speak of “full freedom” 
through. the elimination of wires, re- 
stricted locations, electronic baggage, 
and radio interference I mean freedom 
within the limits of eléctronic and me- 
chanical performance. Thus, there will 
always be room for improvement of the 
equipment, but, basically, “full free- 
dom” means freedom to make long, 
continuous records of. physiological 
phenomena as close as possible to the 
geographic site of occurrence. Thus the 
future—and this development may not 
be remote, in view of the present in- 
creasing interest in medical electronics 
—will see human beings and other 
animals of many types “wired for re- 
searcii,” with numerous little boxes pil- 
ing up information about body function. 
Numerous physiological variables will 
be recorded in one over-all portable 
recording system and coded into one 
record for later study by more sophisti- 
cated analyzers than those described 
here. 
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Fig. 9. Frames from a moving picture of an AVSEP pattern, showing an attack of 
angina pectoris in an individual doing forbidden heavy work. 
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Summary 


I have proposed that orthodox electro- 
cardiography be implemented, both for 
research and medical purposes, by the 
use of long-period, continuous recording 
of heart potentiais with a portable, self- 
contained instrument—the electrocar- 
diocorder together with semiautomatic 
methods for the rapid analysis of the 
resulting voluminous data. An electronic 
system to make this concept practical 
has been developed in our laboratory 
and typical results are described in this 
article. 
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Mass Spectrographic 
Analysis of Solids 


High sensitivity for bulk and surface impurities 
is provided by a new analytical method. 


In the last few years there has been 
a great deal of interest in the applica- 
tion of mass spectroscopy to the anal- 
ysis of solids. This interest has arisen 
because there clearly exists a need for 
an analytical instrument with a broad 
range of capabilities for analyzing very 
low concentrations of impurities in 
solids. High-purity materials are rapidly 
becoming of great technological im- 
portance in a number of different fields. 
For example, concentrations of im- 
purities of 1 part in 10° are of great 
importance in semiconducting ma- 
terials. The best comprehensive ana- 
lytical instrument at present is generally 
considered to be the optical emission 
spectrograph. This instrument has its 
limitations, however; impurities at con- 
centrations below 1 part per million 
cannot generally be detected, and the 
sensitivity for a considerable number 
of elements is poorer than this. 

In the search for new analytical 
methods, one of the most promising 
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is mass spectroscopy. Because of the 
diverse nature of the problems that 
are of interest in the analysis of solids, 
several different mass _ spectroscopic 
methods of analysis have been devel- 
oped by workers in this field. Thus, 
high-sensitivity techniques (J) have 
been developed for the detection of spe- 
cific impurities in certain cases. For 
example, the “isotope dilution” method, 
in conjunction with either a thermal 
ionization or an electron bombardment 
source, has been applied to certain 
kinds of solids analysis and has pro- 
vided very high sensitivity. 

The most useful mass spectroscopic 
method for general analysis makes use 
of the vacuum spark source. In this 
source a high radio-frequency voltage 
(50 to 150 kv) is applied between two 
closely spaced electrodes to form a 
spark; the voltage is pulsed at a repre- 
tition rate of some hundreds or thou- 
sands of cycles per second, so that the 
spark is broken and re-formed at this 
frequency. This method has only very 
recently been exploited to any ap- 
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preciable degree. The reason for this 
undoubtedly lies in the instrumental 
difficulties associated with the use of 
the source, although its potential use- 
fulness is great. 

The spark source has several advan- 
tages for the analysis of solids. It is a 
source of great generality, in that it 
has no blind spots for any element and 
can be used with approximately the 
same degree of sensitivity for any ele- 
ment. It is quite free from the contami- 
nation problems that arise, for example, 
in connection with the electron bom- 
bardment source when a furnace is 
used to vaporize the solid into the 
source region. On the other hand, the 
spark source is erratic in its behavior, 
and the fluctuating ion current makes 
recording problems difficult. Ion cur- 
rents from the spark source are not 
especially high. The spark source can- 
not be used with most existing, con- 
ventional instruments; a double-focusing 
instrument, which provides both direc- 
tion and velocity focusing, is needed 
because of the large spread in initial 
energies of the ions. Since double-fo- 
cusing instruments are relatively rare, 
the use of the spark source for analyti- 
cal purposes has been extremely limited 
despite its potentialities. The very re- 
cent introduction of commercial instru- 
ments of this type is rapidly altering 
this situation, however. 


Historical Background 


The spark source was introduced 
into mass spectroscopy by A. J. 
Dempster in 1934 (2). At an early 
date Dempster realized the possibilities 
of the source for the analysis of solids, 
and the method was used during World 
War II by Dempster and his group for 
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analytical purposes. One brief report 
of this work has been published (3), 
which points out some of the advan- 
tages of the method. Dempster’s work 
showed that the sensitivity of the mass 
spectrographic method was at least as 
high as | part per million, and it clearly 
indicated the possible usefulness of 
the spark source for general analytical 
work, but it was not sufficiently broad 
to establish firmly the sensitivity limit 
or the wide scope of the method. 

The next application of the method 
was that of Gorman, Jones, and 
Hipple (4). In this work, a Dempster 
double-focusing mass spectrograph was 
adapted for analytical purposes, the 
principal modification being the intro- 
duction of electrical recording. This 
was accomplished by measuring the 
ratio of the mass-analyzed ion current 
emerging from the exit slit to a moni- 
toring current representative of the 
total current from the source. Diffi- 
culties due to the fluctuating nature of 
the spark source were thus circum- 
vented, and electrical detection was 
made not only feasible but quantita- 
tive. These authors applied the method 
to the analysis of a series of stainless 
steel samples and determined chro- 
mium and nickel concentrations rang- 
ing from 0.25 to 25 percent with a 
high degree of accuracy and precision. 
The construction of an instrument de- 
signed for analytical purposes was 
described by Shaw and Rall (5), but 
no results were reported. 


Instrumentation 


A mass spectrograph for the analysis 
of solids was described in 1954 (6), 
and analytical results were also given 
(7). The commercial instruments that 
have more recently become available 
are similar in general design. In each 
case double-focusing mass spectrographs 
of the Mattauch type have been used. 
For photographic recording the Mat- 
tauch geometry offers great advantages 
over other double-focusing designs be- 
cause of its property of being simultan- 
eously double-focusing for all masses. 
This permits simultaneous photographic 
recording of a large range of masses. 
Figure 1 shows schematically how the 
focusing works; the electrostatic ana- 
lyzer selects for transmission ions of 
a certain energy range, with no mass 
separation, and focuses the ions of a 
given energy at infinity. Two such 
beams of parallel ions are shown in 
Fig. 1, representing two typical initial 
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Fig. 1. Double focusing in a Mattauch-type mass spectrograph. 


ion energies, with two different masses 
present. The magnetic field refocuses 
the parallel beam and compensates for 
the divergence of the beam resulting 
from the spread in initial energies, pro- 
viding mass analysis at the same time. 
The large voltage in the spark re- 
sults in a wide range in initial energies. 
A slit between the electric and mag- 
netic fields determines the fraction of 
these which is used. Usually ions with 
a spread in initial energy of well over 
100 electron volts are admitted. It 
turns out that ions with a spread in ini- 
tial energy of more than 5000 electron 
volts originate from the source. 
Figure 2 shows schematically one 
such instrument (6). At the left is the 
source region, showing two electrodes 
made from the material being ana- 
lyzed, together with the mechanism for 
adjusting their position. The removable 
source plate is shown in Fig. 3. The 
electrodes, which are about | milli- 
meter in diameter and 5 to 10 milli- 
meters long, are held in stainless steel 
pin chucks. The operation of the spark 
is observed through the three windows 


ee 


PC 


provided in the all-metal system. After 
acceleration of the ions into the slit 
system, the ions are deflected electro- 
statically through an angle of 31°50’ 
into the cylindrical electrostatic ana- 
lyzer. Upon emerging from this ana- 
lyzer, the ions are deflected through an 
angle of 90° in the magnetic analyzer. 
The final focusing of the ions occurs 
at the exit plane of the magnetic ana- 
lyzer, the ions emerging at an angle of 
45° to this plane. 

The ions may be recorded either 
photographically or electrically, the 
former method being generally pre- 
ferred. For electrical recording a 
metal plate carrying an exit slit is in- 
serted in place of a photographic plate, 
and the ion beam emerging through 
this exit slit is collected in a Faraday 
cage. With photographic recording, it 
is desirable to put more than one ex- 
posure on a single plate, and a rack 
and pinion mechanism is used to move 
the plate across the exit of the mag- 
netic analyzer, thereby ailowing sev- 
eral exposures to be made on one 
plate without breaking the vacuum. 


7) : 








Fig. 2. Schematic drawing of a mass spectrograph for the analysis of solids. 
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Fig. 3. Source plate, showing electrode system. 


The advantages of photographic re- 
cording are that all masses are simul- 
taneously recorded and that the sensi- 
tivity is very high. 

Two separate vacuum systems are 
provided, one for the source cham- 
ber and one for the analyzer region. 
The only connection between these is 
through the entrance slit, which may 
be of the order of 0.002 inch wide, 
so that gases generated in the source 
during the operation of the spark do 
not give as large a pressure rise in 
the analyzer region as in the source 
region. Cut-offs are provided on the 
vacuum lines to facilitate the changing 
of samples; the procedure requires the 
venting only of the instrument itself, 
while the pumps and traps are kept in 
operation. A _ preferable arrangement 
is to provide a cut-off valve between 
the source and the analyzer regions, 
and this is done in the commercial in- 
struments. The source plate can be 
removed for changing samples, and 
a lock on the magnetic analyzer gives 
access to the photographic plate region. 
A chamber for pre-pumping the photo- 
graphic plates is provided on commer- 
cial instruments. 

The spark source is operated on a 
pulsed basis, as it is desirable to keep 
the voltage in the spark high to avoid 
selectivity effects for different ele- 
ments in the sample. In the newer 
commercial instruments the pulse 
length and repetition rate are easily 
varied, and this provides a convenient 
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means of selecting a wide range of 
exposures. A series of graded exposures 
for a. given sample is recorded on a 
single photographic plate. By compar- 
ing impurity and major-component 
mass spectral lines that fall within the 
measurable range of optical densities, 
impurity concentrations covering sev- 
eral orders of magnitude can be de- 
termined on a semiquantitative basis. 

Typical plates are shown in Fig. 
4. The line widths and positions in- 
crease with the square root of the 
mass. About a 15-to-1 mass range can 
be covered in a single exposure, and 
the range may be selected by an ap- 
propriate choice of the magnetic field; 
a convenient range has been found to 
be from mass 8 to mass 120. In Fig. 
4 are reproductions of mass spectra 
representing, respectively, a high- 
purity Jead sample, a high-purity ger- 


Table 1. Determination of concentrations of 
impurities in aluminum (in parts per million). 


Known Av. for 





‘ Standard 
Element com- five jeviati 
position analyses ee 
Sample AAI 
Silicon 716 480 110 
Titanium 12 7 1 
Manganese 10 8 2 
Nickel of 8 2 
Copper 11 11 3 
Zinc 6 4 1 
Sample AA3 
Silicon 1975 1370 120 
Titanium 34 36 7 
Manganese 110 93 ia 
Nickel 46 49 i 
Copper 83 90 =. aye 
Zinc 33 30 4 





manium sample containing added an- 
timony (6 parts per million), an anti- 
mony sample containing arsenic (100 
parts per million), a steatite sample, a 
copper sample with one monolayer of 
gold deposited on its surface, and a 
germanium sample with one mono- 
layer of indium deposited on the sur- 
face. In the case of the last two ex- 
posures the impurity lines appear only 
on the first exposure and disappear 
in subsequent exposures. In all other 
cases all of the lines remain constant 
during successive exposures. 


Bulk Impurities 


In order to discuss the analytical 
uses of the instrument, let us first con- 
sider what kinds of questions we may 
reasonably hope to answer with the 
method. One kind of problem in the 
determination of bulk 
that of obtaining purely qualitative in- 
formation as to the impurities that 
may be present in the solid sample. 
When this kind of information is ob- 
tained, one usually finds that it is 
also desirable to make at least a 
rough estimate of the concentration. 
It is frequently of interest to obtain 
fairly accurate data in comparing two 
samples—that is, to determine with 
considerable precision what the rela- 
tive amounts of an impurity may be 
in two samples. Finally, there is the 
problem of determining with a high 
degree of accuracy the exact concen- 
tration of an impurity in a_ solid 
sample. Except for the last of these 
problems, the photographic plate is 
preferable in many respects to elec- 
trical detection. For a general survey 
of an unknown sample, where one does 
not know what impurities to expect, 
the fact that the plate records simul- 
taneously all masses is an enormous 
advantage. For comparison of sam- 
ples, and for rough estimation of the 
impurity concentration, the photo- 
graphic plate can give results accurate 
to within a factor of 2 or 3, and this 
is usually adequate. 

Where a high degree of accuracy is 
needed, one must resort to electrical 
detection. The nature of the problem 
of sensitivity in electrical detection and 
recording may be seen from the fact 
that the total ion current emerging 
from the magnetic analyzer is approxi- 
mately 10° ampere. An impurity at a 
concentration of 1X 10%, therefore, 
corresponds to a current of the order 
of 10° amperes. This is beyond the 
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range of direct-current amplifiers and 
vibrating-reed electrometers, although 
it is within the capabilities of electron 
multipliers. The still lower impurity 
concentration (10°) detectable photo- 
graphically is beyond the range where 
even electron multipliers can be used 
conveniently. The photographic plate 
is an extremely sensitive detector of 
positive ions. A current of 10° am- 
pere can be easily detected on a photo- 
graphic plate if it strikes an area of 
approximately 1 square millimeter over 
a period of 2 minutes. Thus, an easily 
detectable image is seen on the photo- 
graphic plate when it is struck by 10° 
ions per square millimeter at an energy 
of 20 kev. When the ions are focused 





on a smaller area, still lower currents 
may be detected. This sensitivity for 
ion detection is considerably higher 
than has been previously reported for 
positive ions. 

If time is used as a measure of ex- 
posure, inaccuracies appear because the 
fluctuating nature of the spark makes 
it difficult to maintain a constant ion 
current through the instrument while 
the spark is running. The fluctuating 
nature of the spark has no effect on 
the accuracy of the results, however, 
when the monitor electrode, between 
the electric and magnetic fields, is used 
to measure the total exposure. This 
measurement is conveniently made by 
simply measuring the total charge col- 





lected by this electrode during the 
run. The exposure is chosen through 
suitable selection of the spark opera- 
tion time and pulse conditions, as 
mentioned earlier. 

The photographic line density is 
proportional to the exposure over a 
range of approximately two orders of 
magnitude when Ilford Q-2 plates are 
used. A comparison of line density and 
total exposure provides a number 
which is representative of the mass 
spectrographic determination of the 
impurity concentration. Concentra- 
tions determined in this way for a 
series of standard samples of boron in 
silicon are shown as a function of the 
known concentration of boron in Fig. 
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Fig. 4. Typical mass spectra. (From top) “High-purity” lead; germanium with added antimony (6 parts per million); antimony with 
arsenic (100 parts per million); steatite, with high-purity silicon reference electrodes; copper, with one monolayer of gold deposited 
On its surface; germanium with one monolayer of indium on its surface. 


20 OCTOBER 1961 


1223 








IMPURITY CONCENTRATION (ATOMS PER CM?) 
10'S role 10'7 ro'® 1o'? 


% % 


Tg /I5, (ARBITRARY UNITS) 
) 





1 
10° 10"? 10° 10> 1074 10° 
IMPURITY CONCENTRATION (ATOM FRACTION) 


Fig. 5. Mass spectrographic determination 
of standard samples of boron in silicon. 


5. The concentrations for these stand- 
ard samples were accurately known 
from measurements of .the electrical 
conductivity. It may be seen from Fig. 
5 that with the mass spectrographic 
method the boron concentration can 
be determined to within a factor of 2, 
and that the impurity concentration as 
determined by the mass spectrograph 
is directly proportional to the actual 
impurity concentration over several 
orders of magnitude. The same kind 
of information has been obtained for 
other systems where standard samples 
were available. 

The problem of preparing standard 
samples is severe, as only a relatively 
few samples are available for which 
one has reliable information for very 
low concentrations of impurities. The 
kind of standard sample series dis- 
cussed above, boron in silicon, is 
available only in the relatively rare 
case of a semiconducting material such 
as silicon or germanium. Unfortunately, 
the preparation of a standard sample 
involves far more than merely adding 
a weighed amount of impurity to a 
melt. The most general and useful 
method is to add this impurity as a 
radioactive tracer; by counting the 
tracer in the given solid sample, one 
can obtain reliable samples. However, 
the number of impurities and matrices 
that are of interest is so great that the 
preparation of standard samples, even 
with radioactive tracers, is a formidable 
undertaking. 

Resuits obtained by the _ photo- 
graphic plate method have been found 
to be reproducible within a factor of 
2 in all cases we have examined. One 
may expect, of course, an even higher 
accuracy with the electrical recording 
method. In our own work we have 
found that a higher accuracy is only 
rarely required, and that the photo- 
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graphic plate method, when used for 
comparing samples and for semiquan- 
titative determinations, has been en- 
tirely satisfactory. In making compari- 
sons between samples it has been found 
helpful to mount two pairs of sample 
electrodes in the source at the same 
time and to make two groups of ex- 
posures on the photographic plate, one 
group being used to record each of 
the unknown samples. By this means 
variations attributable to the photo- 
graphic plate, to vacuum conditions, 
and so on are minimized. 

The reproducibility of the method 
is well illustrated by the analytical re- 
sults obtained for impurities in two 
samples of aluminum by Craig, Er- 


rock, and Waldron (8), shown in 
Table 1. It may be seen from these 
results that, for all the impurities 


examined, the mass_ spectrographic 
analysis was in good agreement with 
the independent analysis. 

The method may be used for any 
inorganic solid. Solids containing or- 
ganic materials are usually excluded 
to avoid the possibility of contaminat- 
ing the inside of the instrument with 
material that would appear thereafter 
as background. In the case of metals 
the material is cut into rods and 
mounted in pin chucks, as shown in 
Fig. 3. Less than 0.1 milligram of 
material is actually consumed in sev- 
eral minutes’ operation of the spark. 
Nonconducting materials such as ce- 
ramics or quartz are sawed into thin 
plates, one of which is mounted on the 
face of one of a pair of conducting 















‘ 
' 
SPARK 

Pe 
INSULATOR ~ 


™ — CONDUCTING ELECTRODES - — ~ 


Fig. 6. Electrode system for analysis of a 
nonconducting solid. 


electrodes such as high-purity silicon, 
as shown in Fig. 6. When the radio- 
frequency voltage appears between this 
pair of electrodes, the voltage is high 
enough across the gap so that, even 
with the insulator present, a spark is 
formed. The operation of the spark in 
this case proceeds very much as though 
the insulator were not present. One 
obtains, of course, not only the mass 
spectrum of the insulator but also that 
of the reference conducting electrode. 


By recording the spectrum of the con- - 


ducting electrodes alone on the same 
photographic plate, their contribution 
to the composite spectrum can _ be 
readily determined. A similar system 
has been used by James and Williams 
(9). It is possible to handle powdered 
samples by packing them into metal 
tubes of small diameter. In this case, 
also, a blank run can be made on the 
metal tube to determine its contribu- 
tion to the mass spectrum. 

The sensitivity of the mass spectro- 
graphic method is extremely high. 
Estimated detection limits for a num- 
ber of elements in a representative ma- 
terial, gallium phosphide, are shown 
in Table 2 (70). It may be seen from 
these results that most elements can 


Table 2. Estimated concentration detection limits for impurities in gallium phosphide (in parts 


per million, atomic). 











Detec- Detec- Detec- 
Element tion Element tion Element tion 
limit limit limit 
Uranium 0.001 Neodymium 0.008 Arsenic 0.01 
Thorium 0.001 Praseodymium 0.001 Germanium 0.03 
Bismuth 0.001 Cerium 0.01 Zinc 0.006 
Lead 0.002 Lanthanum 0.003 Copper 0.005 
Thallium 0.005 Barium 0.2 Nickel 0.005 
Mercury 0.003 Cessium 0.01 Cobalt 0.003 
Gold 0.001 Iodine 0.01 Iron 0.003 
Platinum 0.003 Tellurium 0.03 Manganese 0.003 
Iridium 0.002 Antimony 0.002 Chromium 0.01 
Osmium 0.002 Tin 0.003 Vanadium 0.01 
Rhenium 0.002 Indium 0.001 Titanium 0.01 
Tungsten 0.003 Cadmium 0.003 Scandium 0.01 
Tantalum 0.001 Silver 0.002 Calcium 0.01 
Hafnium 0.003 Palladium 0.004 Potassium 0.01 
Lutecium 0.001 Rhodium 0.001 Chlorine 0.01 
Ytterbium 0.003 Ruthenium 0.005 Sulfur 0.03 
Thulium 0.001 Molybdenum 0.004 Silicon 0.03 
Erbium 0.003 Niobium 0.3 Aluminum 0.003 
Holmium 0.001 Zirconium 0.006 Magnesium 0.003 
Dysprosium 0.004 Yttrium 0.001 Sodium 3 
Terbium 0.001 Strontium 0.001 Fluorine 0.003 
Gadolinium 0.004 Rubidium 0.05 Boron 0.001 
Europium 0.002 Bromine 0.02 Beryllium 0.001 
Samarium 0.004 Selenium 0.02 Lithium 0.003 
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be detected at concentrations in the 
10° to 10° (atom-fraction) range. 
Similar sensitivities have been found 
tor another instrument (//). A sum- 
mary of detection limits in four dif- 
ferent types of materials, as given by 
Craig et al. (see 8), is shown in 
Table 3. 

Limitations on the sensitivity of the 
instrument fall into two _ categories. 
There are always present a small num- 
ber of background lines due to residual 
gas in the instrument, and these lines 
may appear at several places in the 
low mass region. Improved vacuum 
conditions, of course, result in a re- 
duction in the number of these lines. 
Because some of them are always 
present, however, it is not possible to 
make a determination for carbon, nitro- 
gen, oxygen, and hydrogen at very 
low concentrations. The second limita- 
tion, and a more important one, re- 
sults from a diffuse background that 
appears on the photographic plate as a 
result of scattering of the ions by 
residual gas. This scattering is fre- 
quently accompanied by a change of 
charge or mass of the ion. According 
to what change of charge or mass oc- 
curs, and where it occurs, one can 
easily calculate the region of the pho- 
tographic plate over which the diffuse 
background should appear. This ef- 
fect can be greatly reduced by im- 
proving the vacuum conditions. One 
effective way to do this is to bake the 
instrument. 


Surface Impurities 


Although the instrument was not 
primarily constructed for the deter- 
mination of surface contaminants, this 
has developed into an application of 
considerable importance. One can de- 
termine surface impurities because the 
spark initially samples the _ surface, 
then, as the operation proceeds, chews 
into the interior of the material and 
attacks little in the way of new surface 
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Table 3. A summary of detection limits for impurities in four different types of materials. 





Number of elements detected in 





Detection range 








concentrati atom-fracti i raphi Gallium ili 
[c ation (atom-fraction) ] Aluminum Graphite smnetitiie Silicon 
= 16° 16 41 4 9 
2 x 10-*-10-5 38 27 50 45 
2 x 10-*-10-* 12 3 14 14 
2 x 10-*-10-* 5 0 3 5 
> 107 0 0 0 0 
area. Thus, the spectrum that one ob- tremely useful instrument and can 


tains when the spark is first oper- 
ated includes not only bulk impurities 
but surface contaminants, while the 
spectra obtained subsequently reflect 
bulk impurities almost exclusively. As 
indicated earlier, the sensitivity of the 
instrument in which the electrode ar- 
rangement shown in Fig. 3 was used 
was such that 0.1 monolayer of a 
surface impurity could be detected. An 
obvious way to ‘increase the sensitivity 
for surface contaminants is to change 
the geometry of the electrode system so 
that a larger area of surface can be 
scanned. By using a point against a 
wedged-shaped surface, approximately 
0.1 square centimeter of area can be 
conveniently scanned, and it has been 
determined that a surface impurity of 
less than 0.01 monolayer can be easily 
detected. In Fig. 4, mass spectra are 
shown for a monolayer of gold on 
copper and for a monolayer of indium 
on a germanium sample. The indium- 
113 line is clearly visible on the orig- 
inal plate, and this corresponds to a 
surface coverage of 0.04 layer (cor- 
responding to the 4-percent isotopic 
abundance of indium-113). Surface 
impurities on insulating materials, such 
as ceramics, have also been success- 
fully investigated in this way. 


Conclusions 


The mass spectrograph is not con- 
sidered to be an instrument that will 
replace the emission spectrograph, be- 
cause it is inherently more compli- 
cated. On the other hand, it is an ex- 


handle problems of a semiquantitative 
nature that the emission spectrograph 
and other methods cannot handle, and 
thus it complements these methods. 
As has been shown, these problems in- 
clude both the determination of low 
concentrations of bulk impurities and 
the determination of surface impurities 
which cannot. be handled conveniently 
by any other known method. Bulk im- 
purities down to a level of 10~° (atom- 
fraction) and surface impurities of less 
than 0.01 monolayer can be de- 
tected (/2). 
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Science and the News 


The Consortium Proposal: Private 
Industry Offers a Plan for 


Developing Satellite Communications 


A consortium of American corpo- 
rations handling international  tele- 
phone and telegraph traffic submitted 
a proposal last week for organizing a 
nonprofit corporation to own _ the 
United States interest in a satellite 
communications system. The corpora- 
tion would be financed, initially, by 
a $50 million investment by American 
Telephone and Telegraph, and by 
much smaller contributions from other 
members of the consortium. The cor- 
poration would be governed by a 
board made up of two members from 
each company contributing $500,000 
or more, three members appointed by 
the government, and one member to 
represent the interests of companies 
which would like to share in the use 
of the satellites but which are not in 
a position to invest a_ substantial 
amount of money. 

The central idea for this type of 
directorship was to allay concern that 
the corporation would be dominated by 
A.T.&T., which would be, by far, both 
the greatest investor and the greatest 
user of the satellite network. 

Western Union, though, submitted 
a minority report arguing that even 
with A.T.&T. limited to two members 
on the board, it would still dominate 
the corporation through its investment 
and volume of business, which would 
amount to something like twice that 
of all the other companies involved. 
Western Union, principally on_ this 
ground, asked that participation be 
opened to anyone who wished to in- 
vest, and not limited to companies in 
the international communications busi- 
ness. This idea commands wide sup- 
port among manufacturers of commu- 
nications equipment and other firms 
which have a stake in the policies of 
a satellite corporation. 

The question of just how the satel- 
lite venture will be organized remains 
very much up in the air, and only in 


1226 


part because of the domestic problem 
which caused Western Union to submit 
a minority report. This domestic prob- 
lem centers on the question of how 
to organize the privately owned cor- 
poration in a way that will satisfy the 
antitrust division of the Justice De- 
partment and smaller companies that 
A.T.&T. will not dominate the venture. 
Assuming this can be settled, there 
remains the problem of how to or- 
ganize any satellite venture, other than 
one owned by the government, in a 
way that would assure that the very 
substantial national interest in the ven- 
ture, and the manner and speed with 
which it is developed, will be properly 
safeguarded. 


Official Policy 

The U.S. policy, announced at the 
beginning of the summer when the 
consortium was invited to submit a 
proposal, is that private ownership is 
preferred, provided that both the do- 
mestic (antitrust) and the international 
problems can be worked out. Among 
the international conditions that had 
to be met were that the system should 
offer world-wide service, rather than 
concentrate on the more profitable 
high-traffic transatlantic communica- 
tions, and that participation in the 
ownership and use of the system should 
be available to any country that wishes 
to participate. These conditions imply 
that the corporation, particularly in 
providing service for the less-developed 
countries, would have to develop poli- 
cies quite different from those which 
would be dictated if profit-and-loss 
considerations were the sole concern 
of the management. 

Last week’s consortium proposal in- 
creased the likelihood of a privately 
owned system, if only in the negative 
sense that the proposal accepted all 
the conditions laid down by govern- 
ment. There had been a good deal of 
talk, some of it coming from the com- 
panies involved in the consortium, that 
the conditions that the government had 
laid down were such as to make it 


’ 





impossible for the satellite system to 
be developed under private ownership. 
But the proposal offered by the con- 
sortium last week accepted all of the 
government’s conditions without reser- 
vation, and so suggested that the com- 
panies involved felt they could handle 
the special burdens that the interna- 
tional problem would place on the en- 
terprise. 

What would happen under the pro- 
posal would be that the satellite ven- 
ture itself would be nonprofit, but with 
the companies involved including their 
investment in the satellites as part of 
their expenses in justifying their rates 
to the Federal Communications Com- 
mission. The companies would thus 
receive a return on their investment, 
including the extra expense involved in 
providing world-wide service. Presum- 
ably, if these additional expenses 
should prove great enough to make the 
rates excessive, the satellite corporation 
would ask the government for a sub- 
sidy to cover all or part of the addi- 
tional expenses. But the companies did 
not suggest that they would need a 
subsidy, and if the optimistic forecasts 
that are generally made about the costs 
of satellite communications prove cor- 
rect, the system might well be able to 
operate privately, without a subsidy, 
and still provide rates as cheap as, or 
cheaper than, current transatlantic 
cable and wireless rates. 

Yet the problems involved remain 
extremely complex, and the proposal 
submitted last week, while increasing 
the chance of private ownership, does 
not assure such ownership. 

Though the consortium accepted, in 
principle, the government’s conditions, 
the question of how well the arrange- 
ment would serve, in practice, what 
the Administration sees as a great na- 
tional interest in the way the operation 
is run is impossible to answer, and on 
the domestic problem, as the Western 
Union minority report suggested, there 
is, as yet, no general acceptance even 
within private industry of any par- 
ticular arrangement for private owner- 
ship. 

A good many basic questions about 
the technical nature of the system will 
remain unanswered until at least late 
next year, when some data will become 
available on the effectiveness of several 
kinds of trial satellites that will be 
placed in orbit. At the moment, even 
the most basic technical question of 
whether the system should use a small 
number of satellites orbiting at high 
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altitudes or a fairly large number at 
moderate altitudes is still unresolved, 
although this decision will determine 
the kind of ground stations that will 
be necessary, and to a considerable ex- 
tent, the ease with which the system 
can be engineered to provide world- 
wide coverage, and television as well 
as radio communications. 

Without this basic technical informa- 
tion, and a good deal of nontechnical 
information as well, no one can be sure 
just how well the consortium, with 
the best of intentions, might be able 
to live up to the government-imposed 
conditions they have offered to accept, 
or how much of a conflict might de- 
velop between the government’s and 
the consortium’s views on_ specific 
policies required to carry out the con- 
ditions in a specific situation. The con- 
sortium and the government 
agreed on general principles, but 
agreement on _ general principles is 
rarely much assurance that there will 
be agreement on how to put the prin- 
ciples into practice when concrete sit- 
uations have to be faced, and very 
little assurance at all in this matter 
of satellite communications since neither 
the government nor the consortium 
can have more than a general idea 
about the nature of the concrete situa- 
tions that will have to be faced. 

At the moment, the consortium pro- 
posal is, in any case, only a skeleton, 
which will take on a definite shape in 
the course of further negotiations, as- 
suming, of course, that the government 
finds the proposal basically acceptable. 
But the greatest question in the nego- 
tiations will be over the extent of con- 
trol the government will retain in order 
to assure that the conditions that have 
been accepted will be satisfactorily 
carried out. 

On this issue, the consortium pro- 
posal grants the government a voice on 
the board of directors larger than any 
individual participant, but smaller than 
any two of the private companies in- 
volved, and of course much smaller 
than all the private companies to- 
gether. The government did not spe- 
cifically ask for even this much of a 
formal voice in the management, but 
as the consortium recognized, the 
peculiar nature of the-venture implied 
that the government would have to 
have a voice in its management. 

So far, the Administration has not 
spelled out the degree of control over 
the venture it feels it must have. The 
private companies have not spelled out 


20 OCTOBER 1961 


have 


the degree of control they would be 
willing to live with. The issue of how 
great a voice the government should 
have, and the mechanisms for making 
its voice heard, remains not only un- 
resolved, but almost untouched. 


The Test Ban Again 


Khrushchev’s announcement that the 
current Soviet test series will be 
climaxed on 31 October with a 50 
megaton explosion raised the question 
of how the U.S. will handle its response 
to a likely Soviet announcement, after 
the conclusion of the series, that it 
is now prepared to resume the 3-year- 
old moratorium it broke at the end of 
August. The response is almost certain 
to be a negative, and hence an unpopu- 
lar one to the world at large. 

Both the Soviet Union and the U.S. 
have taken firm positions on the ques- 
tion of underground testing. Last week, 
Arthur Dean, our chief negotiator at 
Geneva, and now representing us at 
the U.N. test-ban debate, said he still 
believed the Russians would come to 
terms on an enforceable ban, since it 
is, he said, in their own interest to do 
so. But the Russians themselves have 
been saying nothing to encourage this 
view. Instead they have been talking, 
publicly, of how it would be easy to 
reach agreement on the test ban ques- 
tion after agreement has been reached 
on general and complete disarmament, 
and, privately, that they realize that 
the controls necessary for an enforce- 
able ban are just too great for them 
to accept to get an agreement that in- 
volves no real disarmament. 

As for the United States, the course 
of the American handling of the test 
ban issue since last spring, when the 
hardening of the Russian attitude first 
became apparent, makes it most un- 
likely that the Administration would 
agree to another unpoliced moratorium 
on underground tests. The assumption 
in the Administration all along had 
been that the United States would, 
sooner or later, have to break. the 
moratorium, in view of the apparent 
lack of any Soviet interest in a con- 
trolled ban so long as they could have 
all the advantages of a ban without 
having to accept any controls, simply 
by dragging out the talks indefinitely. 

There has been some criticism in 
this country, and more in friendly na- 
tions abroad, that we did not put off 
the resumption of underground tests 


long enough following the Soviet re- 
sumption of atmospheric tests. The 
reasoning, in most cases, was not based 
on a belief that the U.S. could abstain 
from testing indefinitely in the face of 
the Soviet resumption, or even in the 
face of an obvious lack of interest by 
the Russians in accepting controls for 
underground tests. The arguments, in 
the main, have been merely that we 
could have produced a better propa- 
ganda effect by holding off for a while 
longer. The difficulty with this is that 
the Administration, feeling it would 
have to resume underground testing 
in any case, had no desire to let the 
Russians complete their current series 
of atmospheric tests, announce they 
were ready to resume the moratorium, 
and put the U.S. in the position of 
having to break the ban after the 
Russians had announced they were re- 
suming it. As long as testing had to be 
resumed, the time to do it was during 
the Russian series, whose duration was 
unknown. Thus the resumption could 
not be delayed very long without risk- 
ing a major propaganda loss in return 
for a marginal propaganda gain. 

If that the Rusians do soon an- 
nounce they are ready to resume the 
ban, one of several propaganda prob- 
lems the U.S. will face is that there is 
a tendency among people whose sym- 
pathy we would like to win to assume, 
simultaneously, (i) that underground 
testing is just as much an acceleration 
of the arms race as atmospheric testing 
and (ii) that the United States can af- 
ford to accept a moratorium on under- 
ground testing because the Russians 
could not make sufficient weapons 
progress through underground testing 
to upset the balance of power even if 
they were to conduct secret tests in 
violation of an unpoliced moratorium. 
This allows some of our friends, to 
argue that a ban limited to atmospheric 
testing is not really much more desir- 
able than no ban at all, that U.S. test- 
ing underground, therefore, is as bad 
as Soviet testing in the atmosphere, 
and at the same time that the United 
States has no good reason to be con- 
cerned that the Russians could gain any 
real advantage from secret under- 
ground tests. These contradictory views 
are often bolstered by an assumption 
that we could really detect underground 
tests anyway. This assumption, pre- 
sumably, is based on our failure to 
point to any secret Russian tests we 
have failed to detect in order to prove 
we couldn’t detect them.—H.M. 
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Food for Peace: Ten Nations To 
Use Surplus To Aid Development 


The Administration this week could 
point to some small but significant 
achievements in its efforts to change 
American farm surplus from a domes- 
tic burden to a foreign policy asset. 

The change is not coming easily, for 
the goal of disposing of surplus has 
been dominant in American food pro- 
grams since the current basic program 
was established in 1954. Nevertheless, 
the principal innovation of the new Ad- 
ministration in regard to foreign use of 
foods is now taking on considerable sig- 
nificance in the over-all program. This 
is the use of food for encouraging the 
developing nations to undertake eco- 
nomic development projects that re- 
quire large-scale manpower and rela- 
tively little material and equipment. 

Under programs now in effect in ten 
countries, food is being used in par- 
tia! payment for labor on projects such 
as land clearing, reforestation, irriga- 
tion, road building, and school con- 
struction. In all cases, the workers re- 
ceive cash payments in addition to food. 

The 500,000 tons of food now com- 
mitted to the program is a relatively 
modest portion of the foods that are 
available for shipment abroad, but it 
represents the amount that Food for 
Peace officials feel can be profitably ab- 
sorbed for the time being. Funds car- 
ried over from previous years, along 
with the vast annual increments in avail- 
able foods, provide the program with 
virtually unlimited resources, they point 
out. What is limited, however, is the 
ability of recipient countries to organ- 
ize activities in which this abundance 
of food can be employed to develop re- 
sources that will in turn help them to 
stand'on their own feet. 

In a memorandum directing Ameri- 
can missions abroad to seek to stimu- 
late interest in this program, the Inter- 
national Cooperation Administration 
pointed out that “food should be of- 
fered only for projects which will en- 
hance social and economic development 
and which are technically sound.” Such 
projects, it has been found, are not 
easily arranged, and in this area, as in 
many others, the Administration is find- 
ing that the recognition of a problem 
and the desire to do something about 
it often still leave a satisfactory solu- 
tion a long way off. 

The impetus to use food for econom- 
ic development came from the fact that 
many of the developing nations lack 
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the capital to undertake simple projects 
that could play an important role: in 
their economic development. Not sur- 
prisingly, it is apparent, they also lack 
the supervisory personnel and organiza- 
tion needed to take advantage of this 
program. The program’s growth will 
be more related to developing nations’ 
ability to absorb this assistance than 
to the willingness of the United States 
to provide it. 

While the economic development pro- 
gram is being pushed hard by Food for 
Peace, the programs that are based on 
providing food simply to alleviate hun- 
ger are sending more tonnage abroad 
this year than in any previous year. Ef- 
forts are also being made to use some 
of this food to assist farmers while they 
are clearing new acreage or developing 
breeding stock. There are also school 
lunch programs that are designed to 
provide better nutrition for children, 
and also, to lure them to school. 

In terms of tonnage, these efforts to 
promote development with food are 
small, but they reflect a determination 
to make imaginative use of our farm 
abundance. 


Mental Retardation: The President’s 
Concern Will Broaden Research 


The sorrowful implications of men- 
tal retardation are in the personal ex- 
perience of President Kennedy, whose 
sister Rosemary has long been institu- 
tionalized. Last week, at a news con- 
ference dominated by the international 
crisis, Kennedy devoted several minutes 
to drawing the nation’s attention to the 
imbalance between the problem of men- 
tal retardation and efforts to cope with 
it. From the forum that he chose and 
the feeling that he put into his words, 
it is evident that Kennedy was not em- 
ploying presidential hyperbole when he 
stated that the subject “is a matter of 
the greatest possible interest to me.” 

In his press conference announce- 
ment and in a longer statement issued 
by the White House, Kennedy pointed 
out that mental retardation at present 
afflicts 5 million Americans and that 
by 1970 an additional 1 million will be 
added to this group. These figures, he 
explained, far outweigh the number of 
persons suffering from many diseases 
for which great public concern has 
been aroused. For example, the Pres- 
ident noted, mental retardation affects 
10 times as many persons as diabetes, 
20 times as many as tuberculosis, 25 





times as many as muscular dystrophy, 
and 600 times as many as infantile 
paralysis. Nevertheless, expenditures for 
research have remained relatively mod- 
est, and, of more immediate concern, 
facilities for the care of mentally retard- 
ed persons are overburdened. The state 
institutions, he continued, average 367 
patients above their rated capacities and 
have waiting lists averaging 340. For 
the 160,000 patients in the public in- 
stitutions, there are only 500 full-time 
physicians. 

To develop an expanded program of 
research into all phases of mental re- 
tardation, the President said, he would 
seek recommendations from a panel of 
outstanding persons in a variety of 
fields. The 24-member group, which 
was announced on Monday, is headed 
by Leonard Mayo, executive director of 
the Association for the Aid of Crip- 


pled Children, of New York. It is ex- 


pected to present its recommendations 
to the President before the end of 
next year. In the meantime, the Presi- 
dent would seek to double the $10.5 
million that the National Institutes of 
Health spent in this field last year. 

Since Congress has no tendency to 
argue about money for medical re- 
search, the President’s concern is cer- 
tain to be reflected in a greatly expand- 
ed program in the near future. 


Soviet Defections: Conclusions of 


Broad Discontent Unwarranted 


The defection of two Soviet scientists 
during the past 3 months has stimulated 
speculation in the press about the state 
of morale among Soviet scientists. West- 
ern scientists who are acquainted with 
their Soviet counterparts caution, how- 
ever, that there are no grounds for 
doubting that the vast majority of Sovi- 
et scientists are well satisfied with their 
regime. These observers add that the 
defections are no more significant than 
the few cases involving Westerners seek- 
ing refuge in the Soviet Union. 

The latest defection involved a 35- 
year-old biochemist, Alexei Golub, who 
received asylum in the Netherlands last 
week. Golub said he sought refuge be- 
cause his superiors had interfered with 
his researches into the removal of stron- 
tium-90 from the human body. Last 
August, Mikhail A. Klotchko, a Soviet 
chemist who holds the Order of Lenin 
and the Stalin Prize, took refuge in 
Canada, also protesting against what he 
described as interference with his work. 
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Persons familiar with the Soviet sci- 
entific community point out that while 
Western scientists no doubt would find 
many aspects of Soviet life constricting, 
Soviet scientists appear to be quite con- 
tent. Outside of the biological sciences, 
which have been severely affected by 
the dominance of Lysenko, there is little 
evidence that ideology has curbed sci- 
entific inquiry. The work of Soviet sci- 
entists not only is well supported by the 
government, but scientists also occupy 
an elevated position in Soviet society 
and are rewarded with superior pay 
scales, living conditions, and prestige. 

What is perhaps most revealing on 
the question of scientific discontent is 
that defections among Soviet scientists 
are a rarity, though they are among the 
most widely traveled of their country- 
men. Rigorous screening may, of 
course, be a factor, but it appears that 
the comfort that the West might derive 
from discontent in Soviet scientific 
ranks has led some persons to arrive 
at the conclusion that such discontent 
exists. 


Area Redevelopment: Officials 
Defend Cautious Start 


The recently established Area Re- 
development Administration finds itself 
somewhat haunted by the overly en- 
thusiastic claims made by many of its 
backers in the course of winning Con- 
gressional approval. 

The redevelopment program, which 
was one of the Administration’s first 
major victories in Congress, is intended 
to bring new permanent jobs to eco- 
nomically depressed areas by helping 
to finance industrial development and 
public works needed to support in- 
dustry. 

While backers argued that the rela- 
tively small sum of $394 million would 
go a long way toward stimulating eco- 
nomic development in areas bypassed 
by prosperity, its opponents contended 
that the depressed areas could not be 
revived by spot applications of federal 
money. A third view was that the 
program was sound but needed vastly 
more money, but this was not pushed 
for fear of arousing antispending op- 
position. - 

The program, which has been oper- 
ating 5 months, has not progressed 
much beyond the stage of processing 
applications, and has drawn from Com- 
merce Secretary Hodges the observa- 
tion that it is moving too slowly. 
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Redevelopment officials, however, 
caution that each project they under- 
take will be regarded as a precedent, 
and they insist that they prefer to 
move with care. Their principal prob- 
lem, they insist, is that localities have 
been slow to come to them with 
soundly worked out projects, and 
under their Congressional mandate, 
they point out, they cannot go out to 
the country to drum up business. 

What is plaguing them, they say, 
is that in getting the bill through Con- 
gress, backers of area redevelopment 
attributed to it therapeutic powers that 
will be a long time in coming, if they 
come at all. 


Fallout Measurement: Soviets 
Opposed to a Role for the U.N. 


The Soviet Union demonstrated again 
this week that its cooperation with the 
United Nations’ scientific agencies is 
contingent upon their not undertaking 
activities which the Soviets regard as 
conflicting with their Cold War inter- 
ests. In general, the programs of these 
agencies have been charted with this 
sensitivity in mind, and most U.N. 
scientific activities have flourished amid 
the problems that afflict the U.N.’s po- 
litical organs. An exception is the In- 
ternational Atomic Energy Agency, 
where Cold War issues have arisen, and 
the Soviets have threatened to walk out. 

The Soviet insistence upon what 
amounts to a scientific veto was empha- 
sized Monday when a spokesman for 
the Communist bloc denounced a pro- 
posal to use the World Meteorological 
Organization to monitor radioactive 
fallout. The proposal, made by Canada 
and supported by 24 other nations, 
called for employing the existing 
weather stations in 102 nations and 
territories to gather and distribute fall- 
out data. It was attacked by the com- 
munist spokesman as a _ propaganda 
move designed to further the Cold War 
objectives of the West, and it was made 
clear that if the WMO adopted the 
proposal, cooperation from the sub- 
stantial portion of the world under 
communist rule would not be forth- 
coming. 

As concern mounts over the radio- 
active fallout resulting from the Soviet 
Union’s extensive series of atmospheric 
tests, the Communist bloc is not sur- 
prisingly reluctant to contribute data 
that document the hazard it has been 
creating. —D.S.G. 


Announcements 





A regional counselor program in 
physics has been established to pro- 
mote local cooperation for better phys- 
ics teaching in high schools. Specific 
projects of the program, supported by 
grants from the American Institute of 
Physics and the American Association 
of Physics Teachers, will include im- 
proving teacher training through co- 
operation with training institutions; 
strengthening the state and local sylla- 
bus in physics; assisting school systems 
in the proper selection of apparatus 
and laboratories; and promoting public 
awareness of the importance of phys- 
ics teaching and the conditions under 
which it is done well. 

Forty-one college professors and 
physicists in industry and government, 
appointed as counselors in 40 states 
and Puerto Rico, will interview state 
superintendents of education and state 
science supervisors and prepare reports 
of local developments concerning new 
curricula, enrollment changes, science 
projects, and science-teacher recruit- 
ing and training programs. (Regional 
Counselor Office, AIP, 335 E. 45 
St., New York 17) 


An electronic information storage 
and retrieval system will be developed 
for the National Library of Medicine 
by General Electric Company. The 
computer-based system, to be known 
as ‘“Medlars,” will be designed to 
process several hundred thousand 
pieces of bibliographic information an- 
nually, thus enabling the library “to 
broaden and accelerate its services to 
medical education, research, and prac- 
tice.” It is estimated that the develop- 
ment, installation, and testing of the 
system will take 2 years. 


The National Academy of Sciences 
is compiling a register of American 
scientists interested in overseas assign- 
ments. Specialists in the biological and 
physical sciences and related fields who 
wish to be considered for such openings 
are required to complete and return a 
special form, available on request. 
(NAS, Committee on International Ex- 
change of Persons, 2101 Constitution 
Ave., NW, Washington 25, D.C.) 


The National Science Foundation 
has announced closing dates for receipt 
of the following proposals: 

Design and development of labora- 
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tory equipment prototypes for school 
and college courses in mathematics, 
science and engineering; 15 November 
1961. Awards will be announced in 
March 1962. (NSF, Division of Scien- 
tific Personnel and Education, Wash- 
ington 25, D.C.) 
Basic research in the life and social 
sciences; 15 January and 1 February 
1962, respectively. Proposals received 
prior to these dates will be disposed of 
approximately 4 months later.. Pro- 
posals received after these dates will 
be reviewed following the summer 
closing dates (15 May and 1 May, re- 
spectively). (NSF, Washington 25) 


Courses 


A 4-day course on surgical rehabili- 
tation of arthritic deformities will be 
held at the New York University Medi- 
cal Center from 14 to 17 November. 
Although designed for orthopedic sur- 
geons, sessions are also open to a lim- 
ited number of experienced rheuma- 
tologists. Tuition: $85. (Associate 
Dean, N.Y.U. Postgraduate Medical 
School, 550 First Ave., New York 16) 


Meeting Notes 


A symposium on the application of 
switching theory in space technology 
will be held in Sunnyvale, California, 
from 27 February to 1 March 1962. 
The symposium, jointly sponsored by 
the U.S. Air Force and the Lockheed 
Missiles and Space Company, will con- 
sist of sessions on circuit logics, new 
switches and storage devices, and sys- 
tems. (Rockwell Hollands, Newsbu- 
reau, Dept. 24-03, Bldg. 101, Lock- 
heed Missiles & Space Co., Sunnyvale, 
Calif.) 


A 3-day symposium on the basic 
problems in neoplastic disease will be 
held at Columbia University from 12 
to 14 March 1962. The symposium 
will cover nucleic acid structure and 
synthesis; viral and genetic studies; 
protein synthesis; and antibody struc- 
ture and function. Also included will 
be sessions on the clinical aspects of 
the biochemistry, pathological-physiol- 
ogy, morphology, and therapy of can- 
cer. (Institute for Cancer Research, 
Columbia University College of Phys- 
icians and Surgeons, 630 W. 168 St., 
New York 32) 
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Scientists in the News 


A. P. Elkin, emeritus professor of 
anthropology at the University of Syd- 
ney (Australia) has received the first 
Herbert E. Gregory medal for “dis- 
tinguished service to science in the 
Pacific.” The award, established by 
the trustees of the Bernice P. Bishop 
Museum in Honolulu, Hawaii, was 
presented at the 10th Pacific Science 
Congress (Honolulu, 21 Aug.—9 Sept.). 


Recent awards of the 
Heart Association: 

Tinsley R. Harrison, 
College of Alabama, and Louis N. 
Katz, of the Michael Reese Hospital 
in Chicago, will receive the 1961 Gold 
Heart awards, presented annually for 
“highly significant contributions to sci- 
entific understanding of the cardiovas- 
cular diseases, and to individuals who 
have rendered outstanding service in 
advancing the association’s program.” 

The following science writers will 
receive the 1961 Howard W. Blakeslee 
awards for “outstanding reporting on 
diseases of the heart and blood ves- 
sels”: 

Mildred Spencer, for reporting in 
the Buffalo (N.Y.) Evening News. 

James C. G. Coniff, of Upper Mont- 
clair, N.J., for his article in the Au- 
gust 1960 Everywoman’s Family Cir- 
cle Magazine. 

Douglas Ritchie, of London, Eng- 
land, for his book entitled Stroke. 


American 


of the Medical 


George W. Wharton, former head 
of the zoology department at the Uni- 
versity of Maryland, has become chair- 
man of Ohio State University’s depart- 
ment of entomology and zoology. 


Thomas F. Paine, Jr., professor and 
chairman of the department of micro- 
biology at the University of Alabama 
Medical Center, has been appointed 
professor of medicine at Vanderbilt 
University and chief of the medical 
service at Nashville General Hospital. 


Bruce F. Powers, physical chemist, 
and Howard L. Wiener, mathemati- 
cian, have joined Massachusetts Insti- 
tute of Technology’s Operations Eval- 
uation Group. 


Ralph B. Hogan, chief of the labora- 
tory branch in the U.S. Public Health 
Service’s Communicable Disease Cen- 
ter in Atlanta, Georgia, has retired to 





become director of the Pennsylvania 
State Department of Health’s division 
of laboratories. He is succeeded by U. 
Pentti Kokko, former deputy chief of 
the branch. 


The following scientists will receive 
$5000 Gairdner Foundation (Toronto, 
Ontario) awards for their work in the 
treatment of arthritis and heart dis- 
eases: 

Alan C. Burton, professor of  bio- 
physics at the University of Western 
Ontario. 

Sir Russell Brock, cardiac surgeon 
at Guy’s Hospital and Brompton Hos- 
pital, London, England. 

Jonas H. Kellgren, professor and 
director of the rheumatism research 
center at the University of Manchester 
(England). 


Alexander B. Gutman, director of 


the department of medicine at Mount 
Sinai Hospital, New York. 

U. S. von Euler—Chelpin, professor 
of physiology at Karolinska Institutet 
in Stockholm, Sweden. 


Mayhew Derryberry, head of the 
Public Health Service’s health educa- 
tion activities, is serving a 6-week as- 
signment as a special World Health 
Organization consultant to the Health 
Ministry of Japan. 


Robert K. Crane, associate profes- 
sor of biochemistry at the Washington 
University Medical School, has been 
appointed professor of biochemistry 
and chairman of the department at 
the Chicago Medical School. 


Gustav J. Martin, biochemist, has 
been named director of National Re- 
search Associates’ newly dedicated 
David Griffiths Memorial Laboratory 
of Basic Research. 


Judith L. McKay, a biologist with 
the U.S. Public Health Service’s Na- 
tional Institute of Arthritis and Meta- 
bolic Diseases, has been accepted for 
training in the Peace Corps. She will 
maintain a teaching and research post 
in Nigeria. 


John T. Wilson, assistant director 
for biological and medical sciences at 
the National Science Foundation, has 
been appointed professor of psychol- 
ogy and special assistant to George W. 
Beadle, chancellor of the University 
of Chicago. 
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BOOK REVIEWS 





Hiroshima Revisited 


Governments seek agreements to control the atom, but 
historians still disagree on its first military use. 


It is a satisfaction to read the docu- 
mented account of events in which one 
has participated, as told by an able 
historian who has access to papers that 
have long been hidden; but the distorted 
coloring that can be brought into such 
a story by a historian with a biased ap- 
proach constitutes a warning of the 
caution with which even such an authen- 
ticated history must be read. In the two 
books before us, both of these aspects 
of written “history” are exemplified. 

In Japan Subdued (Princeton Uni- 
versity Press, Princeton, N.J., 1961. 206 
pp. $4) Herbert Feis presents a serious 
study of the timing and an explanation 
of both the Allied demand for uncondi- 
tional surrender and the decision to use 
the atomic bomb to compel that sur- 
render more promptly. The author has 
made free and careful use of the collec- 
tion of papers concerned with the Pots- 
dam Conference, which were assembled 
by the State Department, and of various 
personal records not available to earlier 
students who reviewed the facts or the 
significance of these events. He has not 
hesitated to include his own judgments 
of the procedures followed, judgments 
that I consider well balanced. 

Three methods are considered by 
which the war in the Pacific area might 
conceivably have been won: These 
were: (i) by combined assault by Amer- 
ican, British, and Russian forces; (ii) 
by inducing the Japanese to accept an 
honorable surrender on liberal terms 
before they were compelled abjectly to 
do so; (iii) by using the atomic bomb 
to shock the Japanese into recognizing 
the inevitability of their disastrous de- 
feat, and thus causing them to surrender 
before an expeditionary force invaded 
their home islands. 

The evidence indicates that either of 
the latter two methods in the hands of 
the United States alone would have been 
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adequate eventually to bring about sur- 
render. But by using them in combina- 
tion and with the cooperation of our 
British and Russian allies, the date of 
surrender was substantially advanced. 
In fact, Feis believes that both Russia’s 
etry into the war and the cooperation 
of Britain and Canada in the prepara- 
tion of the bomb were of marked help 
in advancing the timetable of peace 
negotiations. 


Critical Factors 


The author quotes, with evident ap- 
proval, Robert Oppenheimer’s _ testi- 
mony that the critical factors which 
determined the American decision to 
use the atomic bomb in Japan were “the 
belief that this would effect the saving 
of many lives of Americans and of 
Japanese and that the postwar world 
might thus be stabilized.” This he sup- 
ports by quotations from the memoirs 
of both Stimson and Churchill. Feis 
finds that the documents confirm Tru- 
man’s contention that up to the last the 
American effort was directed toward 
bringing the Russians quickly into the 
war against Japan, with the hope of 
further shortening the war and thus 
saving many lives on both sides. He 
finds no evidence to support the view 
that the United States was trying to 
forestall the Russian entry into the 
Pacific War by prompt use of the bomb, 
but he notes that Russia commenced 
operations in Manchuria some weeks 
earlier than she had indicated she 
would, apparently motivated by the 
atomic bomb attack to achieve some 
military success before the Japanese 
could negotiate a surrender. He does 
not believe that Stalin was much sur- 
prised by Truman’s word of American 
readiness with a new type of bomb, but 


he believes that our postwar relations 
with Russia might have been eased if 
Truman and Churchill had told Stalin 
candidly about the successful test ex- 
plosion in New Mexico and of our in- 
tention to use the bomb on the Japa- 
nese early in August. 

Without the use of the bomb, the 
Combined Chiefs were prepared to con- 
tinue the war for more than another 
year. With the bomb available and with 
Britain and Russia fighting on the side 
of the United States, the author says 
that seldom has so crushing and relent- 
less a combination of forces been ar- 
rayed against an enemy. Yet he notes 
“seldom has so large a residue of tolera- 
tion remained.” 

Feis notes that the American govern- 
ment was fully aware of the tentative 
peace feelers the Japanese were extend- 
ing to Russia during the spring and 
summer of 1945. To me this is a matter 
of some interest, because the scientists 
who were asked to advise the Interim 
Committee on various aspects of the 
use of the bomb were, as far as I know, 
given no inkling that such negotiations 
were being considered. It is clear, how- 
ever, that our government was correct 
in its judgment that Japan was still far 
from ready to enter into any fruitful 
peace discussions and that these over- 
tures were rather a step toward getting 
from Russia some preferred terms of 
settlement. 

It is noteworthy that the tragic ob- 
stacles which have prevented an agree- 
ment on the international control of 
atomic weapons were clearly foreseen 
by Stimson as early as the spring of 
1945, and that at the same time Bush, 
Conant, and the scientists at Chicago 
predicted the American advantage in 
nuclear armament would not last long. 

Perhaps the most that can be said 
for this remarkable adventure of faith 
in the power of science to give the 
world a new start is that by demon- 
strating the effectiveness of its atomic 
bomb the United States made it possible 
to avoid any disastrous world conflict 
for the half generation many political 
observers have considered the most 
dangerous of our century. Feis’ account 
of these events gives an impressive in- 
dication of the large amount of mutual 
consideration that underlies even the 
most drastic actions of modern govern- 
ments. 





The author, distinguished service professor of 
natural philosophy at Washington University, St. 
Louis, Mo., directed the work that resulted in 
the first atomic chain reaction. 
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Verbal Jockeying 


Erwin Hiebert, an American with a 
Canadian background, is professionally 
interested in the history of science, but 
his book, The Impact of Atomic Energy 
(Faith and Life Press, Newton, Kans., 
1961. 312 pp. $4) is primarily con- 
cerned with group reactions of govern- 
ments, scientists, and religious bodies 
toward the development of nuclear 
weapons and the peaceful uses of nu- 
clear energy. In his opening discussion 
Hiebert reviews the growth of knowl- 
edge of nuclear science during the early 
20th century. In this summary he wisely 
attempts to correct the impression that 
this development was primarily an 
American achievement but shows that, 
in fact, it was rather an achievement of 
scientists throughout the world. In doing 
so, however, he frequently leans over 
backwards, slighting important contrib- 
utions made by Americans. Thus he 
notes the observation by Joliot-Curie 
and his Parisian colleagues of the mul- 
tiple emission of neutrons by uranium 
as a part of the fission process, but he 
neglects to note that the same phenom- 
enon had been discovered earlier by 
Szilard and Zinn and that it became 
the spark that started the intensified 
American program leading to the first 
nuclear chain reaction. He fails to men- 
tion the American discovery of the de- 
lay in the emission of some of the 
neutrons, which made it possible safely 
to control the nuclear chain reaction, 
and he omits any description of the 
painstaking British-American studies of 
the energy dependence of the capture 
and collision of neutrons with various 
atomic nuclei. This study revealed the 
usefulness of graphite as a moderator 
for the.nuclear reactor and also showed 
that an explosive nuclear bomb of lim- 
ited size could preba! ly be successfully 
constructed ~ " on fails to men- 
tion the disc. , Seaborg and his 
California team, ot ine artificial element 
plutonium and its fission properties, 
which provided the reason for under- 
taking the whole reactor development. 
The author is correct in saying that in 
truth there was no nuclear arms race 
in the early 1940’s between the Allies 
and Germany, though he fails to note 
that it was the American knowledge 
that the Germans were working inten- 
sively on problems of nuclear fission 
which spurred our scientists to make a 
supreme effort. He gives more weight 
than would most American scientists to 
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Junck’s claim that the German scien- 
tists were deliberately stalling Hitler’s 
program of atomic research and notes 
rather the view that “the American 
scientists, overcome by a desire to ac- 
complish a brilliant technical achieve- 
ment, were persuaded into signing a 
pact with the devil.” 

The author’s lack of balance in dis- 
cussing the military aspects of atomic 
energy appears most sharply when he 
comments on the “deliberate, premedi- 
tated destruction” involved in the use 
of the bomb on Hiroshima. He seems 
oblivious to the fact that such destruc- 
tion is an essential part of all war, 
even of defensive war. In discussing 
the reasoning that supported such use 
of the bomb, he fails to note what Feis 
selects as “the critical factors that de- 
termined the bomb’s use”: (i) that the 
power of Japan’s military clique to 
make their nation again a military men- 
ace to the world must be destroyed and 
(ii) that the war be brought to a suc- 
cessful conclusion with a minimum loss 
of American and Japanese lives. This 
blindness appears again when he de- 
scribes very sympathetically the efforts 
of the scientists at Chicago and Los 
Alamos to prevent the unannounced 
bomb attack on Japan. The writers of 
this appeal (Rabinovitch and Szilard) 
were greatly concerned about the un- 
favorable international sentiment such 
use of the bomb would stimulate and 
about the resulting difficulties that 
would develop in obtaining any effective 
international control over atomic weap- 
ons, but only passing allusion is made 
in their appeal to the hope of the mili- 
tary leaders that American lives might 
thus be saved. This matter of saving 
lives was of paramount importance to 
the Secretary of War, Stimson, and to 
his military staff, and it was prominent 
in the minds of the Scientific Panel (of 
nuclear scientists) as they drew up their 
recommendation to Stimson’s civilian 


“Interim Committee” approving use of. 


the bomb. This consideration of soldiers’ 
lives is hardly mentioned in Hiebert’s 
summary. Feis’ history is in this regard 
a much better treatment. 


Religious Groups 


Hiebert is at his best when he dis- 
cusses what is obviously closest to his 
heart, the responses of religious groups 
to the problems posed by nuclear en- 
ergy. As representing the Catholic re- 


’ 





sponse, he quotes liberally from Thomas 
E. Murray, Catholic layman and 
former member of the Atomic Energy 
Commission. To Murray “the modern 
concept of ‘total victory’ meaning total 
enemy ruin or unconditional surrender 
has become the chief cause of war’s 
immorality”; and this, he remarks, is a 
regression to a type of barbarism. The 
author comments that many Catholics 
do not support Murray’s definition of 
a “just war.” They have said that if 
the society we aim at cannot be brought 
about by large-scale violence, then dis- 
criminate small-scale violence will not 
help either. Both produce an atmos- 
phere of conflict and disruption in 
which any attempt forcibly to impose 
ideas on large groups of people in the 
world is bound ultimately to fail. The 
author notes further that in 1945 the 
Vatican vigorously opposed the oblitera- 
tion bombing of Hiroshima and 
Nagasaki on the ground that it pro- 
vided no immunity for civilian popula- 
tions. In the Encyclical of 6 Decem- 
ber 1950, “Atomic Weapons,” the Pope 
expressed the need for renewal of con- 
science, repression of passions, calming 
of hatreds, putting into practice the 
norms of justice, more equitable distri- 
bution of wealth, and reciprocal charity. 

Especially noteworthy is Hiebert’s 
quotation from a statement by the Na- 
tional Council of Churches in 1957, as 
adopted at a General Assembly in St. 
Louis: “Even when arming our nation, 
we believe, must persistently seek work- 
able agreements for universal inspected, 
controlled, reduction and regulation of 
all armaments, including nuclear weap- 
ons. We believe that the accelerating 
arms race which now grips our world 
may lead directly to a war which will 
destroy civilization, and that efforts 
must be redoubled to realize the final 
goal of world-wide disarmament in the 
framework of the U.N.” There was a 
further pronouncement by the General 
Board of the N.C.C., “The Churches 
and the Use of Nuclear Energy for 


Peaceful Responses,” published in 
1960: “We therefore deem it our 
Christian responsibility, as faithful 


stewards, to work for an orderly de- 
velopment of nuclear energy for peace- 
ful purposes for the benefit of all man- 
kind.” The report goes on to commend 
the safety record that has been achieved, 
but to warn that strong efforts must be 
made to prepare reasonable safeguards 
against accidents and to take all protec- 
tive and curative measures against in- 
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jury. The Council recommends wide 
dissemination of knowledge about the 
safety record, the dangers, and the safe- 
guards involved. 

Other quotations are made from the 
extreme fundamentalist American 
Council of Christian Churches, from 
the Union of American Hebrew Con- 
gregations, and from. such pacifist 
groups as the American Friends Serv- 
ice Committee, the Brethren Service 
Committee, and the Mennonite Central 
Committee. These may be summarized 
by quoting a statement of the Executive 
Council of the Friends Committee on 
National Legislation. “The only realis- 
tic defense efforts are those which 
prevent a nuclear attack by abolishing 
war itself . . . we in the United States 
should use our time, energies and re- 
sources to prevent the bombs from 
falling and to build the conditions of 
lasting peace. This is our only reai de- 
fense.” 

It is probably only an oversight that 
the author does not refer, as does 
Feis, to the fact that in its use of atomic 
weapons against Japan the American 
military forces showed no trace of 
revengeful passion and were eager to 
avoid the hand-to-hand fighting of 
invasion warfare, which would incite 
such passions. 

If the reader discounts the antimili- 
tary prejudice and the apparently anti- 
American bias of the author, he can 
find in Hiebert’s account of the religious 
issues involved some illuminating dis- 
cussion of the current politico-religious- 
military tangle of the world’s affairs. 





Hit and Target Theories 


Studies on Quantitative Radiation Biol- 
ogy. K. G. Zimmer. Translated by 
H. D. Griffith. Oliver and Boyd, 
London, 1961. 124 pp. Illus. 15s. 


Studies on Quantitative Radiation 
Biology is a translation by H. D. Grif- 
fith from the German version of a 
publication which appeared in the pro- 
ceedings of the Mainz Academy of Sci- 
ence and Literature under the title 
“Studien zur quantitativen Strahlen- 
biologie” in August 1960. It is a very 
condensed discussion of a problem that 
has puzzled many radiation biologists, 
that is, the physical basis of the effects 
of radiation on living organisms. This 
short book is divided into six chapters. 
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The first three chapters (Short histori- 
cal review, Generalized formal hit 
“theory,” and Target “theory”) that 
emphasize the basic physical ap- 
proaches to radiobiology should be most 
useful for radiation biologists. These 
chapters which also bring out the 
limitations of the physical approaches 
and their possible pitfalls should be re- 
quired reading for anyone who wants 
to conduct quantitative studies in radio- 
biology. 

The “hit” and “target” theories were 
first brought into prominence in the 
late 20’s and early 30’s when the ap- 
plication of quantum theory to physics 
caused many investigators to apply 
something equivalent to quantum 
theory to the study of the effects of 
ionizing radiation on biological ma- 
terials. The hit theory was first devel- 
oped by Dessauer, and later the 
mathematical background was formu- 
lated by Blau and Altenburger. Still 
later Crowther and others, especially 
Holweck and Lacassagne, gave it fur- 
ther support. The important develop- 
ment of this concept really has come 
through the publications of three in- 
vestigators: Timofeeff-Ressovsky; Zim- 
mer, the author of the present volume; 
and Delbriick. 

It is rather interesting to reflect on 
the background of the three investiga- 
tors. Timofeeff-Ressovsky is one of the 
world’s most prominent geneticists. 
After his return to Soviet Russia from 
Berlin at the end of World War II, 
however, he began to investigate the 
effects of radioisotopes on biological 
systems. Delbriick has gone on and 
made his mark in the phage field, as 
well as in this field, and in many other 
fields of quantitative biology not neces- 
sarily connected with radiation. Zim- 
mer is the only one of the three men 
who has continued to work in this field, 
and he is now one of the important 
investigators in radiation biology. 

It is unfortunate that the “hit” 
and “target” theories have been so much 
neglected in the last few years. Both 
are very useful and helpful for’ in- 
terpreting radiation effects, especially 
if the investigator is interested in the 
quantitative aspects of the interaction 
of radiation and biological systems. 
They have not, however, always proved 
to be the most useful, especially with 
the entrance of biochemical approaches 
to modern radiation biology. 

It is just this emphasis on the physi- 
cal rather than the chemical approach 


that makes the fourth chapter, “Theo- 
ries of action through diffusible agents,” 
less convincing and less thorough than 
the first three chapters. 

Finally, in the chapter “Recent de- 
velopments,” the author discusses elec- 
tron spin resonance. I agree that elec- 
tron spin resonance is a most promising 
approach and that the study of free 
radicals may some day give us a picture 
of what is happening when radiation 
is absorbed by a living substance. It is 
surprising, however, that so little at- 
tention is paid in this chapter to the 
quantitative aspects that are emphasized 
so well in the first three chapters. 

In this volume there is very little 
mention of the biochemical aspects of 
radiation effects, especially the modern 
development of the chemistry of 
nucleic acids, the chemistry of protein 
synthesis, and the transfer of informa- 
tion from nucleic acids to proteins. All 
these new developments have become 
very important in biochemistry and 
also promise to become a possible key 
to the study of the mechanism of radia- 
tion effects. The investigator who goes 
into radiation biology must be con- 
scious of the importance of the physical 
interpretation of radiation effects, 
which is so well emphasized in the first 
three chapters, but he also has to re- 
member that, in the study of the basic 
mechanism of radiation effects, he must 
not ignore biochemical changes in 
metabolism, in synthesis of compounds, 
and in the sources of energy for the 
living cell which come about in the 
chain of events following the original 
absorption of the radiation. Only by an 
interplay of every possible approach is 
there any promise that we will some 
day understand the mechanism of radia- 
tion effects. As a matter of fact, radia- 
tion studies are so deeply bound up with 
the study of the syntheses of living 
cells, including their genetical makeup, 
that radiation studies will always lag 
slightly behind the basic biological, 
biochemical, and biophysical studies; 
but they have often shown also that 
they can open a new field and lead 
to an understanding of the function of 
living organisms. 

I would recommend this book most 
highly to anyone who is interested in 
radiobiology and the quantitative as- 
pects of the effects of physical energy 
on the function of living cells. 

ALEXANDER HOLLAENDER 
Biology Division, 
Oak Ridge National Laboratory 
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CO, in Photosynthesis 


Encyclopedia of Plant Physiology. vol. 
5, part 1 and part 2, The Assimila- 
tion of Carbon Dioxide. W. Ruhland, 
Ed. Springer, Berlin, 1960. Part 1, 
xl + 1013 pp. Part 2, xvi + 868 pp. 
Illus. DM. 530. 


The present volume represents the 
most ambitious treatment of photosyn- 
thesis attempted since the publication of 
Rabinowitch’s monumental work, and it 
reflects the increasing attention given to 
this fascinating biological process by 
workers in diverse scientific disciplines. 
The most comprehensive coverage is 
given to the physical chemistry of pho- 
tosynthesis, with critical reviews by 
Livingston, Franck, French, Witt, Kok, 
and others. The intermediary biochemis- 
try of photosynthesis is treated in sev- 
eral chapters, many of which strongly 
emphasize the work and the views of a 
particular laboratory. In general, these 
cover the reactions of oxygen-producing 
plants; against this there is only one, but 
very excellent, chapter on photosyn- 
thetic bacteria (by Gest and Kamen), 
which is set apart in the second part of 
this volume together with an extensive 
treatment of the chemosynthetic bac- 
teria (Larsen, Schlegal, Engle, and Um- 
breit). 

Intermediary carbon metabolism of 
oxygen-producing plants is presented in 
detail by Calvin and Bassham, while 
partial and cell-free photosynthetic reac- 
tions are reviewed by Clendenning (Hill 
reaction), Kessler (photoreduction and 
oxygen production), Arnon (chloroplast 
reactions), and Simonis (phosphoryla- 
tion). Comparative biochemistry re- 
ceives due emphasis in the informative 
chapter on carotenoids by Goodwin 
and in the treatment of chlorophyll 
chemistry by Aronoff. Several chapters 
are devoted to the physiology of photo- 
synthesis and form a link to the very 
extensive review of ecological observa- 
tions, to which a major part of the sec- 
ond volume is devoted. The chapters on 
the ecology of photosynthesis provide a 
valuable treatment of this field, which, 
in this comprehensive fashion, has not 
been available for some time. 

In keeping with the encyclopedic na- 
ture of this work, an overwhelming 
amount of well-established material is 
presented. At times, however, the very 
detail of this material appears to prevent 
clear statement of the problems which 
exist and which make the field of photo- 
synthesis a dynamic field of research. 
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Unfortunately, the treatise was 
planned before the Emerson-Blinks two- 
light effect was generally known; it is 
treated briefly in the chapter by Haxo, 
and some of its theoretical implications 
are considered by Franck. Future re- 
views might usefully include a separate 
analysis of the application of biochemi- 
cal genetics to the field of photosyn- 
thesis, and also a more extensive treat- 
ment of its enzymology. 

The two parts of this volume contain 
a tremendous amount of useful informa- 
tion; the big price tag probably will 
prevent its widespread acquisition by in- 
dividual research workers. 

A. W. FRENKEL 
Department of Botany, 
University of Minnesota 


20th Century Blend 


Life Pictorial Atlas of the World. By the 
Editors of Life and Rand McNally. 
Time, New York; Rand McNally, 
Chicago, Ill., 1961. 600 pp. Illus. 
Regular ed., $30; deluxe ed., $35. 


Here is the earth portrayed in maps, 
diagrams, colored photographs of relief 
model globes, and large landscape 
photographs. The resulting work is 
academically sound but occasionally 
jarringly garish and opulent. 

Map makers are chronically troubled 
by the complexity of the world they 
study and the limited space in which 
the desired information is to be por- 
trayed. One result of the ample budget 
allocated to this atlas is a near elimi- 
nation of the latter problem. In this 
atlas a number of maps and diagrams 
are used to describe each area treated. 
The first sheet is a political map with 
place names and boundaries. It is old- 
fashioned in format. A second sheet 
shows land forms by a merged shaded 
relief technique. This sheet is color 
coded to show the type of vegetation. 
Succeeding smaller maps then show 
major resources, population distribu- 
tion, or transport routes, as appropriate. 
In some cases, specific earth form cross 
sections, farm plans, or town plans are 
used. Photographs, which are frequently 
superb, highlight the significant features. 
The diverse maps and graphs are related 
by the terse, usually insightful, text. 

The degree of detail in coverage 
varies from one area to another. Canada 
and the United States rate a two-page 
spread for each province or state. How- 





ever, the entire Soviet Union is de- 
scribed in only eight pages plus a 
further four photographs. Mainland 
China is equally slighted. The impres- 
sions conveyed of these vast, complex, 
continent-spanning countries are far too 
simple. 

This is an atlas of merit and one 
which was costly to produce. Regret- 
tably the price is sufficiently high to 
limit its distribution to institutions. 

WALTER DESHLER 
Department of Geography, 
University of Maryland 


New Books 


Mathematics, Physical Sciences, 
and Engineering 


Academician V. I. Smirnov’s Linear 
Algebra and Group Theory. Richard A.. 
Silverman, Ed. McGraw-Hill, New York, 
1961. 474 pp. Illus. $12.50. 

Advances in Fluorine Chemistry. vol. 2. 
M. Stacey, J. C. Tatlow, and A. G. Sharpe, 
Eds. Butterworths, Washington, D.C., 
1961. 220 pp. Illus. $8. 

Advances in Geophysics. vol. 7. H. E. 
Landsberg and J. Van Mieghem. Academic 
Press, New York, 1961. 343 pp. Illus. $11. 

Automat und Mensch. Ubef mensch. 
liche und maschinelle Intelligenz. Karl 
Steinbuch. Springer, Berlin, Germany, 
1961. 260 pp. Illus. DM. 28.50. 

Basic Laws of Matter. H. S. W. Massey 
and Arthur R. Quinton. Herald Books, 
Bronxville, N.Y., 1961. 178 pp. $3.75. 

The Chemical and Biological Action of 
Radiations. vol. 5. M. Haissingsky, Ed. 
Academic Press, London; Masson, Paris, 
1961. 289 pp. Illus. $8. 

The Climates of the Continents. W. G. 
Kendrew. Oxford Univ. Press, London, ed. 
5, 1961. 608 pp. Illus. 55s. 

The Determination of Stability Con- 
stants and Other Equilibrium Constants in 
Solution. Francis J. C. Rossotti and Hazel 
Rossotti. McGraw-Hill, New York, 1961. 
439 pp. Ilius. $12.50. 

Electrical Contracting. Ray Ashley. Mc- 
Graw-Hill, New York, 1961. 296 pp. 
Illus. $10. 

Geometry Through Practical Applica- 
tions. Julio A. Miro. Barnes and Noble, 
New York, 1961. 286 pp. Paper, $1.75. 

Interfacial Phenomena. J. T. Davies 
and E. K. Rideal. Academic Press, New 
York, 1961. 487 pp. Illus. + plate. $14. 

The Radiation Chemistry of Water and 
Aqueous Solutions. Augustine O. Allen. 
Van Nostrand, Princeton, N.J., 1961. 215 
pp. Illus. $6. 

Refractory Metals and Alloys. Metallur- 
gical Society Conferences, vol. 11. M. 
Semchyshen and J. J. Harwood, Eds. 
Interscience, New York, 1961, 635 pp. 
Illus. $22. 

Treatise on Analytical Chemistry. pt. 2, 
Analytical Chemistry of the Elements, vol. 
5, N, P, Th, Zn-HF. I. M. Kolthoff and 
Philip J. Elving, Eds. Interscience, New 
York, 1961. 430 pp. Hius. $13.75. 
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Kodak reports on: 


how a clever fellow can cheat himself... f/1 lenses for 4.25. to 10u... 


encouragement from Agnes Scott College 





Mighty magnification 


Forty bucks for a few rings and rods to put over the front 
of the new Kodak Retina Reflex III Camera ?* 

A mite under, actually, at the camera shop. Also includes an 
auxiliary lens. All nicely fitted together. Called the Kodak Retina 
1:1 Copying Kit. Switch the f/2.8 lens from the camera to the kit, 
snap the kit onto the camera, attach the auxiliary lens and the cam- 
era’s lens hood, set the diaphragm between f/11 and f/22 and the 
distance scale at 5 feet. Snap, swish—just like that. Make pictures. 
Anything in the plane of the rectangular opening is focussed on the 
film same size. Depth of field at f/22 is 5.5 mm. When resulting slide 
is projected, magnification is mighty and can be useful for mensura- 
tion if a calibrating scale has been included in the picture. Handy 
for picturing platyhelminthes, coins, microcircuitry, the triumphant 
crystals of a new enzyme you have isolated. Kit also includes a slide 
holder and diffusion screen for making your own black-and-white 
duplicates of color slides. 

If you can make this kit yourself for less than $40, you are too 
clever a fellow to be working that cheap. 


A sharp eye for infrared 


The decision to anngunce at this time the availability of //1 
Irtran-2 Aspheric Lenses has been reached in struggle against 
deeply rooted inhibitions. In the photographic film and 
paper trade we are habituated to a longer silence before the 
first blast of the trumpets. Infrared technology hates to wait, 
however, and puts a heavy load on the phone company’s 
long lines. 

These Irtran-2 lenses transmit usefully from 2u to 14y. 
Two focal lengths, 2-inch and 3-inch, are offered off the 
shelf. At f/1, we seem to have done well at providing high 
collecting-power for energy without undue sacrifice of sharp- 
ness. Sharpness was the goal. For both lenses, the minimum 
circle of confusion computes at less than .001” for any wave- 
length from 4.25y to 10u. The italics mark where we hurt. 

Much care and a valuable ingenuity have been exercised 
in impressing our tenth-degree equation upon the concave 
side of these meniscus lenses, in grinding and polishing the 
spherical convex side,-in placing the center of the spherical 
curvature on the axis of the asphere, in maintaining’ the 


*Most versatile 35mm camera we make. Also works with Kodak Retina Reflex S 
and IIIS Cameras. Kit designed for f/2.8 models only. 


This is another advertisement where Eastman Kodak Company probes at random for mutual interests 
and occasionally a little revenue from those whose work has something to do with science 
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center thicknesses at the 9.1 mm and 10.4 mm values re- 
spectively that the calculations assume, in the optical homo- 
geneity of the Irtran-2 material. More than this we cannot 
claim. To the extent that the care and ingenuity have suc- 
ceeded in making the calculations represent the actuality, 
the circle of confusion is less than .001”. The customer’s 
willingness to take a chance that we have hit it will, in good 
sense, depend on how badly his project needs a 2yu-14y in- 
frared image of high definition and high aperture. 

To demonstrate experimentally at those wavelengths that 
the circle of confusion is indeed that small is a task which 
we have simply been too busy to complete up to the time 
these words were written. 

In the lead sulfide region, the sharpness does not compute 
to be as good as farther out in the infrared. Yet we have 
customers who use the lenses there and are happy with con- 
fusion-circle minima as large as .008”. 

In comparison with reflective optics hitherto used, Irtran-2 
aspheres offer compactness and a wider field that doesn’t 
even show any appreciable deterioration as far as 2° off axis. 
You do give up the perfect achromatism of reflective optics. 
In the 2-inch lens the minimum circle of confusion for 10u 
radiation is located 2 mm beyond the minimum circle of 
confusion for 4.25 radiation; in the 3-inch lens the separa- 
tion is 3 mm. 

We have said enough to establish our frankness and to indicate 
whether there is any need for you to burden the long lines to Roch- 
ester, N. Y., LOcust 2-6000, Extension 5166, which is one way to 
reach Eastman Kodak Company, Special Products Division. Bear 
in mind that Irtran-2 material has a hardness of 354 Knoop, is not 
at all brittle, withstands thermal shock and the solvent action of 
water, and can get very hot without losing transparency or giving 
off toxic fumes. 


An isonitroso more or less 


In 1958 we set out to make a certain nickel reagent we had 
read about. Our method failed. It hung three instead of two 
isonitroso groups onto a monomethylated cyclohexane ring. 
We meekly advertised that we had 5-Methyl-1,2,3-cyclo- 
hexanetrione Trioxime for sale as Eastman 7478 and hoped 
somebody would discover what it is a reagent for. (Some 
are amused by our candor in these matters.) The ad men- 
tioned that in seeking the cause of our failure we had re- 
peated our procedure on the unsubstituted ring and had 
similarly obtained /,2,3-Cyclohexanetrione Trioxime, which 
we designated Eastman 7660. 

The sad little sigh with which we closed the discussion 
spread out over the world. A friendly echo has now returned 
from Agnes Scott College, Decatur, Ga. Four sympathetic 
chemists there startle us by reporting that Eastman 7660 
forms a very stable and spectrophotometrically convenient 
complex with cobalt at an optimum concentration range 
of i to 4 p.p.m. 

Reading this (Anal. Chem. 33, 1096), we checked to make 
sure old 7660 was still there and were again astonished to 
find that the original batch had sold down to inventory 
minimum! We now have a new batch, a free abstract of the 
cobalt determination, and a feeling that purposeful planning 
serves chiefly to comfort the soul. 

Nevertheless, List No. 42 of some 3900 Eastman Organic Chem- 
icals we stock can serve some useful purpose in planning. For a 
copy or for the cobalt determination abstract, write y 


Distillation Products Industries, Rochester 3, N. Y. 
(Division of Eastman Kodak Company). 


Price subject to change without notice. 












(utiteurding... 


IN EVERY RESPECT 


THE Vachowie 450 LINE 


Specially designed for high 
vacuum applications in research, 
production and testing. — , 


Kingpin of the Vactronic 450 Line, the 
a A'd oer: Sol OPM dal - Min alel-t aim orelaalol-lot @m-'F-lolela-h de] amalel ay 
available... providing clean, convenient and 
effective control of varied high vacuum 
operations. 


Also available from Vactronic...the HVS- 
450 precision-built, high efficiency Vacuum 
Station and the dependable HVBS-450 Basic 
Vacuum System, furnishing Manual or Pneu- 
matic control... a complete complement of 
the following high vacuum components 
separately available: 
HVP-450 Oil Vapor Diffusion Pump, CBF-450 
Baffle, CVP-450 Cold Trap, CVS-450 and AVS- 
450 High Vacuum Valves, and RGH-450-NP 
Roughing Manifold. 


: im Experienced Engineering . . . Advanced Design. . . Critical Construction 
450 — Send for special brochure describing the 450 Line 
VACUUM : 
EVAPORATOR | lf i os i 
,? LAB. EQUIPMENT, INC. 
Leesa ela dalolelaeme melal-@m tir lalemam. (-1wmm Aol ag 








THE UPWARD THRUST OF RESEARCH... 


CHARGED PARTICLE 
SPECTROSCOPY 


NEUTRON DETECTION 
& SPECTROSCOPY 


dE/dx COUNTING 
FOCAL PLANE ARRAYS 


NEUTRON 
SPECTROSCOPY 


ASSOCIATED 
ELECTRONICS: 













. . » DEMANDS SOPHISTICATED 
TOOLS. OVER 300 MAN YEARS 
OF SPECIALIZED PROFESSIONAL 
RESEARCH EXPERIENCE ARE 
REPRESENTED IN THIS’ VER- 
SATILE NEW ORGANIZATION 
KNOWN AS ORTEC. WE HOPE 
THESE UNIQUE SKILLS AT 

CREATING AND USING ULTI- 
nl somal MATE RESEARCH TOOLS MAY 
Unit AID OTHERS IN THE ADVANCE 
Precision Pulser OF KNOWLEDGE, 


ACCELERATOR 
SOURCES & 
ELECTRONICS 


Low Noise 


OAK RIDGE TECHNICAL ENTERPRISES CORPORATION 


BOX 485, OAK RIDGE, TENNESSEE. PHONE 483-8455, 


AREA CODE 615 





Meetings 


Forthcoming Events 


November 


6-8. Chemical Engineering Div., Chem- 
cal Inst. of Canada, Toronto, Ont. (CIC, 
48 Rideau St., Ottawa 2, Ont.) 

6-9. Atomic Industrial Forum—9th Hot 
Laboratories and Equipment Conf., Chi- 
cago, Ill. (O. J. Du Temple, American 
Nuclear Soc., 86 East Randolph St, 
Chicago) 

8. American Acad. of Arts and Sciences, 
Brookline, Mass. (J. L. Oncley, 280 New- 
ton St., Brookline 46) 

8-11. Acoustical Soc. of America, Cin- 
cinnati, Ohio. (W. Waterfall, American 
Inst. of Physics, 335 E. 45 St., New York 
17) 

8-11]. Institute of Management Sciences, 
San Francisco, Calif. (W. Smith, Inst. of 
Science & Technology, Univ. of Michigan, 
Ann Arbor) 

8-1], Plasma Physics, American Physi- 
cal Soc., 3rd annual, Colorado Springs. 
Colo. (F. Ribe, Los Alamos Scientific 
Laboratory, P.O. Box 1663, Los Alamos, 
N.M.) 

9-10. Operations Research Soc. of 
America, 20th, San Francisco, Calif. (P. 
Stillson, 115 Grove Lane, Walnut Creek, 
Calif.) 

9-11, Gerontological Soc., Pittsburgh. 
Pa. (R. W. Kleemeier, Washington Univ.. 
Skinker and Lindell, St. Louis 30, Mo.) 

9-12. Pacific Coast Fertility Soc., Palm 
Springs, Calif. (G. Smith, 909 Hyde St. 
San Francisco 9, Calif.) 


9-20. Photography, Cinematography, 
and Optics, 3rd intern. biennial, Paris, 
France. (Comité Francais des Exposi- 


tions, 15 rue de Bellechasse, Paris 7) 

12-17. Bahamas Conf. on Medical and 
Biological Problems in Space Flight, 
Nassau, Bahamas. (I. M. Wechsler, P.O. 
Box 1454, Nassau) 

13-14. Exploding Wire Phenomenon, 
2nd intern. conf., Boston, Mass. (W. G. 
Chace, Thermal Radiation Laboratory, 
CRZCM, Geophysics Research Directorate, 
Air Force Cambridge Research Labora- 
tories, Bedford, Mass.) 

13-16. Magnetism and Magnetic Ma- 
terials, 7th annual intern. conf., Phoenix, 
Ariz. (P. B. Myers, Motorola, Inc., 5005 
E. McDowell Rd., Phoenix 10) 

13-17. American Public Health Assoc., 
89th annual, New York, N.Y. (APHA, 
1790 Broadway, New York) 

13-17. Gulf and Caribbean Fisheries 
Inst., 14th annual, Miami Beach, Fla. 
(J. B. Higman, Marine Laboratory, Univ. 
of Miami, 1 Rickenbacker Causeway, Vir- 
ginia Key, Miami 49) 

13-18. European Conf. on the Control 
of Communicable Eye Diseases, Istanbul, 
Turkey. (World Health Organization, 
Palais des Nations, Geneva, Switzerland) 

14-16. American Meteorological Soc., 
Tallahassee, Fla. (Executive Secretary, 
AMS, 45 Beacon St., Boston 8, Mass.) 

14-17. Corrosion in Nuclear Tech- 
nology, symp., Paris, France. (European 
Federation of Corrosion, Société de Chimie 
Industrielle, 28 rue St. Dominique, Paris 
1) 
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. 14-18. Puerto Rico Medical Assoc., 
Santurce. (J. A. Sanchez, P.O. Box 9111, 
Santurce) 

15-17. Eastern Analytical Symp., New 
York, N.Y. (A. Rekus, EAS, Research 
Dept., Baltimore Gas & Electric Co., Pratt 
St., Baltimore, Md.) 

15-18. Society of Naval Architects and 
Marine Engineers, annual, New York, 
N.Y. (W. N. Landers, SNAME, 74 Trinity 
Pl., New York 6) 

16-18. American Psychiatric Assoc., 
Milwaukee, Wis. (J. D. McGucken, 756 
N. Milwaukee St., Milwaukee 2) 

16-18. Etiology of Myocardial Infarc- 
tion, intern. symp. (by invitation), Detroit, 
Mich. (T. N. James, Section on Cardio- 
vascular Research, Henry Ford Hospital, 
Detroit) 

16-18. Southern Thoracic Surgical 
Assoc., Memphis, Tenn. (H. H. Seiler, 517 
Bayshore, Blvd., Tampa 6, Fla.) 

16-19. American Anthropological 
Assoc., Philadelphia, Pa. (S. T. Boggs, 
1530 P St., NW, Washington, D.C.) 

17-18. Southern Soc. for Pediatric Re- 
search, Atlanta, Ga. (W. G. Thurman, 
Dept. of Pediatrics, Emory Univ. School 
of Medicine, Atlanta) 

17-31. National Soc. for Crippled Chil- 
dren and Adults, annual conv., Denver, 
Colo. (NSCCA, 2023 W. Ogden Ave., 
Chicago 12, Ill.) 

19-22. International College of Surgeons, 
Western regional, San Francisco, Calif. 
(W. F. James, 1516 Lake Shore Drive, 
Chicago 10, Ill.) 

22-27. Automation and Instrumentation, 
5th conf., Milan, Italy. (Federezione delle 
Societa Scientifiche e Techniche di Milano, 
via S. Tomaso 3, Milan) 

22-1. Radioisotopes in Animal Biology 
and the Medical Sciences, conf., Mexico 
City, D.F. (International Atomic Energy 
Agency, 11 Karntner Ring, Vienna 1, 
Austria) 

23-25. Central Assoc. of Science and 
Mathematics Teachers, Chicago, Ill. (J. 
Kennedy, Indiana State Teachers College, 
Terre Haute) 

24-25. American Soc. of Animal Pro- 
duction, Chicago, Ill. (C. E. Terrill, Ani- 
mal Husbandry Research Div., U.S. Dept. 
of Agriculture, Beltsville, Md.) 

24-25. National Council for Geographic 
Education, Philadelphia, Pa. (L. Kenna- 
mer, Dept. of Geography, Univ. of Texas, 
Austin) 

25-26. American College of Chest Phy- 
sicians, annual interim session, Denver, 
Colo. (M. Kornfeld, ACCP, 112 E. Chest- 
nut St., Chicago 11, Ill.) 

26. Medical Aspects of Sports, 3rd natl. 
conf., Denver, Colo. (F. V. Hein, AMA 
Committee on the Medical Aspects of 
Sports, 535 N. Dearborn St., Chicago 10, 
Ill.) 

26-1. “American Soc. of Mechanical 
Engineers, winter, New York, N.Y. (L. S. 
Dennegar, ASME, 29 W. 39 St., New 
York, N.Y.) é 

26-1. Radiological Soc. of North Amer- 
ica, annual, Chicago, Ill. (R. P. Barden, 
713 E. Genesee St., Syracuse 2, N.Y.) 

27-28. Agricultural Meteorology, 4th 
conf., St. Louis, Mo. (K. C. Spengler, 
American Meteorological Soc., 45 Beacon 
St., Boston 8, Mass.) 

27-29. American Soc. of Hematology, 
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de Fonbrune Micromanipulator — Has 


Smooth, Uniform Pneumatic Movement 


Affords new simplicity and flexibility 
for micro-studies in biological or 
chemical technics 


The de Fonbrune micromanipulator has 
proved to be of great value in micro- 
studies in many fields. In biology the 
instrument is used in cell dissection and 


isolation . . . micro-injection and opera- 
tion on protozoa . . . pH studies on living 

rov . . cc. 
een Sere cells . . . isolation and transfer of single 


Micro-Forge With 


: bacteria, etc. It has proved equally serv- 
Binocular Body : 


iceable in study of fibers and yeast cells, 


Specifically developed in investigating oils, rust deposits, col- 
for use in the fabrica- loidal, and other materials. 

tion of simple and . 

intricate micro-tools of Manufactured under exclusive license of 
glass or metal under the French patents, the instrument con- 
controlled conditions. sists of a manipulator and receiver. Use 


Use of the de Fonbrune 
micro-forge is recom- 
mended with any type 
micromanipulator. The 


with any microscope . . . arranged for 
right or left hand operation. The micro- 
tool is mounted on the receiver; impulses 


Songe is now teiilt: with from the manipulator are transmitted to 
binocular stereoscopic the tool through sensitive pneumatic 
microscope. With this membranes. Within a range of 3 mm, the 
modification, the im- micro-instrument may be moved in any 
age is observed erect — plane or angle by a single control. Ratio 


not inverted — in three 
dimensions, an import- 
ant factor in rapid, 
accurate work. 


of displacement of control lever and 
micro-tool may be adjusted from 1:50 to 
1:2500. 5 








Write for prices and descriptive bulletin T114. 


DIVISION OF BRUNSWICK 
General Offices: 1831 Olive, St. Louis 3, Missouri 
FULLY STOCKED DIVISIONS COAST-TO-COAST 
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annual, Los Angeles, Calif. (J. W. Rebuck, 
ASH, Henry Ford Hospital, Detroit 2, 
Mich.) 

27-30. American Medical Assoc., Den- 
ver, Colo. (F. J. L. Blasingame, 535 N. 
Dearborn, Chicago 10, Ill.) 

27-30. American Soc. of Agronomy, 
jointly with Crop Soc. of America, Coun- 
cil on Fertilizer Application, and Soil 
Science Soc. of America, St. Louis, Mo. 
(ASA, 2702 Monroe St., Madison, Wis.) 

27-30. Entomological Soc. of America, 
Miami, Fla. (R. H. Nelson, 4603 Calvert 
Rd., College Park, Md.) 

29-1. Communication Wires and Cables, 
symp., Asbury Park, N.J. (H. Kingsley, 
U.S. Army Research and Development 
Laboratory, Fort Monmouth, N.J.) 

29-1. Western Surgical Assoc., San 


Francisco, Calif. (W. W. Carroll, 700 N. 
Michigan Ave., Chicago 11, Ill.) 


30. American Geographical Soc., New 


York, N.Y. (C. W. Bastable, Columbia 
Univ., New York 27) 

30-1. Conference on Graduate Medical 
Education, Philadelphia, Pa. (P. Nemir, 
Jr., Dean, Graduate School of Medicine, 
Univ. of Pennsylvania, Philadelphia) 

30-1. Vehicular Communications, Min- 
neapolis, Minn. (J. Kahnke, Minneapolis- 
Honeywell, Aero Div., 1541 Edgewater 
Ave., St. Paul 13, Minn.) 

30-2. Purest Substances in Science and 
Technology, intern. symp., Dresden, Ger- 
many. (Sekretariat, Chemische Gesellschaft 
in der Deutschen Demokratischen Repub- 
lik, Unter den Linden 68/70, Berlin W.8, 
Germany) 














Microtiter’ saves 


TIME AND REAGENTS 


vie 
Now eight times. 
and other dilution y 
with the same amount of reagents 
formerly used. 


Because our Microtiter kit utilizes 
individually calibrated spiral loops and 
pipette droppers, you get fast and ac- 
curate titrations. What’s more, the loop 
handles are tapered so that eight may be 
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used simultaneously. 


Sixteen plates, half conical bottoms and half radial bottoms 
—or sixteen of either type—are supplied with each Microtiter 
kit at the same price. The two types of plates permit complement 
fixation, hemagglutination, hemagglutination inhibition, and 
metabolic inhibition tests. 


Versatility, durability and simplicity and ease of cleaning 
make the Microtiter kit ready for use any time, anywhere in 
the world without ancillary equipment. The storage case is heat 
and acid resistant, and each half may be used as a wash rack for 
the plates and cleaning solutions. 


MADE TO PRECISION AMERICAN STANDARDS 
Immediate delivery and prompt service on replacement parts. 





Write for free illustrated literature. 
*patent pending 


Cooke Engineering 
Company 


Alexandria, Virginia 








735 North St. Asaph Street 
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December 


1. Symposium on Insulin, New York 
Diabetes Assoc., New York, N.Y. (New 
York Diabetes Assoc., 104 E. 40 St., New 
York 16) 

1-2. Linguistic Circle of New York, 7th 
annual conf., New York, N.Y. (L. Urdang, 
Random House, Inc., 501 Madison Ave., 
New York 22) 

2. International College of Surgeons, 
intern. executive council, Chicago, Ill. (H. 
E. Turner, 1516 Lake Shore Dr., Chicago 
11) 

2. New York State Registry of Medical 
Technologists, annual seminar, New York, 
N.Y. (S. H. Keeling, 1719 Midland Ave., 
Syracuse, N.Y.) 

2-7. American Acad. of Dermatology 
and Syphilology, annual, Chicago, Ill. (R. 
R. Kierland, Mayo Clinic, Rochester, 
Minn.) 

3-6. American Inst. of Chemical Engi- 
neers, New York, N.Y. (F. J. Van Ant- 
werpen, AICE, 345 E. 47 St., New York 
17) 

4-6. Institute of the Aerospace Sci- 
ences, Aerospace Support and Operations, 
natl., Orlando, Fla. (R. J. Kotowski, 318 
Virginia Dr., Melbourne, Fla.) 

4-8. International Colloquium on Ionic 
Bombardment, Bellevue, France. (Natl. 
Scientific Research Center, 15 Quai Ana- 
tole France, Paris 7°, France) 

4-9. Mathematics Instruction at Second- 
ary and University Levels, Inter-American 
conf., Bogota, Colombia. (M. Alonso, 
Div. of Science Development, Pan Ameri- 
can Union, Washington 6) 

4-9. World Federation of Neurology, 
Problem Commission of Tropical Neu- 
rology, Buenos Aires, Argentina. (P. 
Bailey, Natl. Inst. of Neurological Diseases 
and Blindness, Bethedsa, Md.) 

4-16. Inter-American Conf. on Educa- 
tion and Economic and Social Develop- 
ment, Santiago, Chile. (U.S. National Com- 
mission for UNESCO, Dept. of State, 
Washington 25) 

4-16. Latin American Phytotechnical 
Meeting, 5th, Buenos Aires, Argentina. 
(U. C. Garcia, Organizing Committee, 
Rivadavia 1439, Buenos Aires) 

5-7. Building Research Inst., Washing- 
ton, D.C. (Scientific Liaison Office, Natl. 
Research Council, Sussex Dr., Ottawa, 
Canada) 

6-7. UNESCO Intern. Non-Govern- 
mental Organizations on Extension of In- 
tern. Collaboration in Education, Science 
and Culture to Africa, Paris France. (Place 
de Fontenoy, Paris 7°) 

6-8. Electrical Furnace Steel Conf., 
19th, American Inst. of Mining, Metal- 
lurgical and Petroleum Engineers, Pitts- 
burgh, Pa. (Scientific Liaison Office, Natl. 
Research Council, Sussex Dr., Ottawa, 
Canada) 

6-8. Latin-American Congr. of Patho- 
logical Anatomy, 3rd, Medellin, Colombia. 
(A. C. Henao, Laboratorio de Anatomia 
Patolégica, Rua Botucatu 720, Sado Paulo, 
Brazil) 

6-8. Conference on Document Copying 
by Photography, London, England. (A. 
J. O. Axford, Ozalid Co., Longston Rd., 
Loughton, Essex, England) 

6-8. National Institutes of Health Symp. 
on Neuroendocrinology, Miami, Fla. (A. 
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NOVEMBER 6-9 
CONRAD HILTON HOTEL 
CHICAGO, ILL. 


In conjunction with annual meetings of 


AMERICAN NUCLEAR SOCIETY 
ATOMIC INDUSTRIAL FORUM 


FOR COMPLIMENTARY EXHIBIT 
PASSES WRITE TODAY TO: 


ATOMFAIR 


850 THIRD AVENUE 
NEW YORK 22 




















Welch High Form 
TRIPLE-BEAM BALANCE 








© High Sensitivity 

® Stainless Steel 
Capacity: 111 grams 
Sensitive to 0.01 gram 
Includes adjustable plat- 
form for gravity determi- 
nations 


PAT. NO. 1872465 


@ ONE-PIECE BEAM 
(PATENTED) 


eELECTROPOL- 
ISHED SURFACES 


e@ REVERSE 
ETCHED SCALES 


@ POSITIVE-SETTING  4030C. PLASTIC COVER, For No. 4030. 
SLIDING WEIGHTS Each, $1.60 


4030. TRIPLE BEAM BALANCE, 
High Form. Each, $27.50 


4031. AUXILIARY WEIGHT. For increas- 
ing the capacity of No. 4030 
Balance to 201 grams. 

Each, $1.50 


THE WELCH SCIENTIFIC COMPANY 


ESTABLISHED 1880 
1515 Sedgwick Street, Dept. E Chicago 10, Illinois, U.S.A. 


Manufacturers of Scientific Instruments and Laboratory Apparatus 


























Ten years from now youll be glad you bought Graf,- Atpeco 


“wicaco vs* 


LOWEST PRICE 


cts 
$121.50 .22. 


TRANSPORTATION LIST PRICE 
INCLUDED $135.00 
Model-LP Equipped with: 
10X (or 15X) wide field oculars 
paired 2X objectives 
Ground and polished PRISMS 
Illuminator, 110V, 15W (included) 


Following additions may also be added at any 
time: 

Trans-illuminator base 

Low voltage Hi-Lite illuminator 

Multiple magnification unit 


Shipped on two weeks approval 


THE GRAF-APSCO Co. 5868 BROADWAY, CHICAGO 40, ILLINOIS 
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~ OBS TYPE 7818 


‘PHOTOMULTIPLIER 





For Gamma-Ray Spectrometers, 
Flying Spot Scanners, and Photo- 
metric Instruments 


Sensitive to the blue region of the 
spectrum, this new 3-inch diam- 
eter, 10-stage, end-on tube has a 
plano-concave faceplate to insure 
uniform sensitivity across its 
face. Focusing is accomplished by 
means of a separate electrode to 
optimize photoelectron collection 
and to improve resolution. 


The tube’s linear multiplier struc- 
ture provides short transit-time 
spread and fast rise time; shock 
and vibration specifications of the 
rugged multiplier structure are 
guaranteed by CBS. 


The 7818 is one of CBS’ complete 
line of photomultipliers; a catalog 
of detailed specifications is avail- 
able on request. 


Engineers and Physicists: If you are 
experienced in electron optics or elec- 
tronics research and development we 
invite you to investigate our employ- 
ment openings. An Equal-Opportunity 
Employer: 


L 


HIGH RIDGE ROAD, STAMFORD, CONNECTICUT 


A DIVISION OF COLUMBIA BROADCASTING SYSTEM, INC 
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| perature 


V. Nalbandov, 102 Animal Genetics, Univ. 
of Illinois, Urbana) 

6-12. American Acad. of Optometry, 
Chicago, Ill..(C. C. Koch, 1506-08 Fo- 
shay Tower, Minneapolis 2, Minn.) 

6-16. Food and Agriculture Organi- 
zation of the U.N. World Health Organi- 
zation, Nutrition Conf. for the Far East, 
5th, Hyderabad, India. (Intern. Agency Li- 
aison Branch, Office of Director General, 
FAO, Viale delle Terme di Caracalla, 
Rome, Italy) 

6-16. Food and Agriculture Organiza- 
tion of the U.N., Far East Meeting on 
Animal Production and Health, 3rd, 
Bangkok, Thailand. (Intern. Agency Liai- 
son Branch, Office of Director General, 
FAO, Viale delle Terme di Caracalla, 
Rome, Italy) 

7-8. Symposium on Sintered High-Tem- 
Oxidation-Resistant Materials, 


| London, England. (S. C. Guilan, Powder 








Metallurgy Joint Group, Inst. of Metals, 
17 Belgrave Sq., London) 

7-9. American Chemical Soc. South- 
west-Southeast regional meeting, New Or- 
leans, La. (P. D. Accardo, California 
Chemical Co., Oronite Div., Belle Chasse, 
La.) 

7-9. New York Acad. of Sciences Conf. 
on the Cervix, New York, N.Y. (W. R. 
Lang, Jefferson Medical College, Philadel- 
phia, Pa.) 

7-9. Texas Acad. of Science, Galveston. 
(D. E. Edmondson, Mathematics Dept., 
115 Bendect Hall, Univ. of Texas, Aus- 
tin 12) 

8. Food and Agriculture Organization 
of the U.N., Advisory Group on Training 
in Home Economics and Social Work, 
Rome, Italy. (Intern. Agency Liaison 
Branch, Office of Director General, FAO, 
Viale delle Terme di Caracalla, Rome) 

8-9. Symposium on Plasma Membrane, 
New York, N.Y. (A. P. Fishman, New 
York Heart Assoc., 10 Columbus Circle, 
New York 19) 

8-9, American Rheumatism Assoc., in- 
terim session, Washington, D.C. (F. E. De- 
martini, 622 W. 168 St., New York 32) 

8-9. Association for Research in Nerv- 
ous and Mental Diseases, annual, New 
York, N.Y. (Scientific Liaison Office, Natl. 
Research Council, Sussex Dr., Ottawa, 
Canada) 

8-10. American Psychoanalytic Assoc., 
New York, N.Y. (D. Beres, 151 Central 
Park W., New York 23) 

9-10. Academy of Psychoanalysis, New 
York, N.Y. (J. H. Merin, 125 E. 65 St., 
New York 21) 

10-13. American Phytopathological Soc., 


Biloxi, Miss. (G. A. Zentmyer, Dept. of ° 


Plant Pathology, 
Riverside) 

71-15, Agricultural and Public Health 
Aspects of Radioactive Contamination in 
Normal and Emergency Situations, tech- 
nical seminar, The Hague, Netherlands. 
(Food and Agriculture Organization of the 
U.N., Intern. Agency Liaison Branch, Of- 


Univ. of California, 


fice of the Director General, Viale delle : 


Terme di Caracalla, Rome. Italy) 
1]~15. Symposium on Organization of 
Agricultural Research, Muguga, Kenya. 
(Commission for Technical Cooperation 
in Africa South of the Sahara, Pvt. Mail 
Bag 2359, Lagos, Nigeria) 
11-16. Tonospheric Soundings in the In- 





new (EN 
‘micro Size 

hot plate 

x 3°/16' dia. > 








115 VOLTS AC 
300 WATTS 
==> 





Precise, stepless 
thermostatic control, 

from 6°C above 

ambient to 370°C (700°F) 


Type 2300—invaluable for those labo- 
| ratory situations where a single or mul- 
tiple heat source is needed, yet space 
and money are scarce. Ruggedly built 
| to withstand hard, continuous usage. 
Takes less than nine minutes to reach 
370°C top temperature (reserve power 
at 370°C is 46%). Perforated stainless 
steel case . . . well ventilated . . . long- 
life heating element . . . cast aluminum 
top. Stepless control automatically com- 
pensates for fluctuations in line voltage 
and ambient temperatures. Easily read 
control dial. 3 9/16” dia top plate... 
3%” height. 115v a-c. Price complete 
with 5’ cord and 3-prong plug.$15.00 





| 


Standard dovetail 
socket welded to back 
of case. Adastor 
i d with 6’’ long 
aluminum rod for use 
as nonslip handle. 





Write for literature 
and name of nearest 
dealer. 








THERMOLYNE CORPORATION 
(formerly Thermo Electric Mfg. Co.) 
568 Huff St., Dubuque, lowa 
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tern. Geophysical Year/Intern. Geophysi- 
cal Cooperation—1959 Symp., Nice, France. 
(A. H. Shapley, URSI World-Wide Sound- 
ings Commission, Central Radio Prop- 
agation Laboratory, Natl. Bureau of 
Standards, Boulder, Colo.) 

12-14. Association for Computing Ma- 
chinery, Eastern joint computer conf., 
Washington, D.C. (B. Oldfield, I.B.M. 
Corp., 326 E. Montgomery, Rockville, 
Md.) 

12-15. American Soc. of Agricultural 
Engineers, Chicago, Ill. (J. L. Butt, ASAE, 
420 Main St., St. Joseph, Mich.) 

12-19. Latin American Congr. on Mi- 
crobiology, 2nd, San Jose, Costa Rica. (J. 
de Abate, Apartado 1404, San Jose) 

13. American Acad. of Arts and Sci- 
ences, Brookline, Mass. (J. L. Oncley, 280 
Newton St., Brookline 46) 

15-16. Oklahoma Acad. of Science, 
Stillwater. (D. Buck, Northern Oklahoma 
Junior College, Tonkawa) 

17-18. International Congr. of Com- 
parative Pathology, 9th, Paris, France. (L. 
Grollet, Comité International Permanent 
des Congrés de Pathologie Compareé, 63 
Avenue de Villiers, Paris 17°) 

19-23. Inter-American Congr. of Psy- 
chology, 7th, Monterrey, Mexico. (G. M. 
Gilbert, Psychology Dept., Long Island 
Univ., Brooklyn 1, N.Y.) 

22-29. Plant Tissue and Organ Culture, 
intern. symp., New Delhi, India. (P. Ma- 
heshwari, Univ. of Delhi, Delhi) 

26-28. History of Science Soc., annual, 
Washington, D.C. (J. C. Greene, 1121 
Iowa Ave., Ames, Iowa) 

26-31. American Assoc. for the Ad- 
vancement of Science, annual, Denver, 
Colo. (R. L. Taylor, AAAS, 1515 Massa- 
chusetts Ave., NW, Washington 5) 

27-29. American Folklore Soc., Cincin- 
nati, Ohio. (T. P. Coffin, 110 Bennett Hall, 
Univ. of Pennsylvania, Philadelphia 4) 

27-29. American Geophysical Union, 
Ist Western natl., Los Angeles, Calif. (A. 
N. Sayre, U.S. Geological Survey, Wash- 
ington 25) 

27-29. American Economic  Assoc., 
New York, N.Y. (J. W. Bell, AEA, North- 
western Univ., Evanston, III.) 

27-29. American Physical Soc., Los 
Angeles, Calif. (K. K. Darrow, 538 W. 
120 St., New York 27) 

27-29. Western Soc. of Naturalists, Eu- 
gene, Ore. (I. A. Abbott, Hopkins Marine 
Station, Pacific Grove, Calif.) 

27-30. Institute of Mathematical Sta- 
tistics, annual, New York, N.Y. (D. C. 
Riley, American Statistical Assoc., 1757 
K St., NW, Washington 6) 

28-29. Northwest Scientific Assoc., Spo- 
kane, Wash. (E. J. Larrison, Univ. of 
Idaho, Moscow) 

28-29. American Chemical Soc., Div. of 
Industrial and Engineering Chemistry, 
Newark, Del. (Scientific Liaison Office, 
Natl. Research Council, Sussex Dr., Otta- 
wa, Canada) 

28-29. Linguistic Soc. of America, an- 
nual, Chicago, Ill. (A. A. Hill, Box 7790 
University Station, Austin 12, Texas) 

28-30. Archaeological Inst. of America, 
Detroit, Mich. (L. A. Campbell, 5 Wash- 
ington Square N., New York 3) 

28-30. Phi Delta Kappa, Bloomington, 
Ind. (R. S. Merkel, Indiana Central Col- 
lege, Indianapolis 27) 
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Buy &guipls -- Industry's choice for Quality Products 


































































* Exclusive steel stud — a slope 
in the keyhole joins with the 
taper on the stud to form the 
tightest and strongest of grips. 
The more you load it the 
tighter it grips, yet shelf can 
be moved easily. 





%& No clips, nuts, bolts or tools for 
speedy shelf adjustment. 


% 60% saved in assembly time. 


%& Shelves 100% adjustable from front 
of unit. 


& Shelves adjust on 1%” centers. 
%& Strongest shelf in the industry. 


%&% Reinforcements can be added to in- 
crease capacity of shelf to 2,000 Ibs. 

% Four 1” x 2%” uprights allow unit 
to be moved without disturbing 
adjacent units. 


%& Shelf can be inverted to form 
bin front. 


%& Immediately availekle from stock in all sizes, either open 
or closed, with or without dividers, bin fronts, drawers 
or label holders. Fill out coupon for full details. 


eS 


EQuUIPTO 
BENCHES DRAWER UNITS LOCKERS EQUIPTO ROBE STOCK CARTS ANGLE 





SHELVING 





( Please send me your Reference Manual No. 487. Also free book- 
let “HOW TO SOLVE YOUR STORAGE PROBLEMS”. 


(0 Please have layout engineer call. 


NAME 





FIRM 





STREET. 





CITY. ZONE —STATE 





















WORKHORSE 
FOR 
LABORATORIES 


This is an electron microscope whose only equine 
relationship is its ability to handle great quantities 
of work, month-in, month-out and yet remain rela- 
tively service free. The EM-75 is an unmatched 
instrument in the 30 Angstrom area for general 
service and screening use, process control, clinical 
procedures and as a teaching tool—primarily 
because it does not have to be pampered. It also 
has an interesting dual 
function. With few hours 
and a few parts it can 
be readily converted into 
a Projection X-ray 
Microscope providing 
morphological studies of 
opaque materials. 





The Norelco line of microscopes is extensive. 
There’s the EM-100 which can be seen wherever 
discriminating microsco- 
pists gather and also the 
EM-200 whose new fea- 
tures require pages to 
cover. Detailed informa- 
tion is available on any 
or all of these electron 
optical devices. Simply 
write Philips Electronic 
Instruments, Electron 
Optics Department, Mount 
Vernon, New York. 
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$75/1.0 me, 


DL-Serine-3-H" 


$120/2.0 me 


Tryptophane-2,3-H* 


$175/5.0 mc 


$45/1.0 me, 





ar. \celcme), | 


paseltlsy 5 


abi UUe-tate Leave Mmalel@t-t-] amen 


575 ALBANY STREET, BOSTON 18, MASS. 





HAncock 6-7311 








To 
crOSS.- 
INFECTIONS 


HANDS —— most active in distribution of INFECTION! For the manage- 
ment and handling of specimen containers requiring a label, use a 
“no-lick’’ TIME Tape or TIME Specimen Collection Label for service, a 
new advancement specified in the “Guide to Laboratory Safety’’.* 





Every dressing, every collection of 
specimen, blood, sputum, etc. requires 
hand service. Eliminate contact by 
using the satin finish, viny! coated 
TIME Tape or Label. 


A qualified consultant will teach you 
the effective TIME procedure. It is 
your first step to a safer laboratory. 


Write today to 


Dept. RH. 


* In April 1960 issue of Lab World. 


PROFESSIONAL TAPE CO., INC. 
AVE. © RIVERSIDE, ILL. 
ery 7-7800 


360-A BURLINGTON 
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New Products 


Leak detector tests hermetically 
sealed components for leaks in the 
range of 10 atm/cm*sec. Testing is 
performed in two stages. During the 
activation stage, components are sealed 
in a lead-lined chamber and flooded 
with radioactive tracer gas, krypton-85, 
under pressures up to 200 Ib/in.’ (gage). 
Detection sensitivity is proportional to 
soak time, specific activity, and the 
square of the activation gas pressure 
differential. After the soak period, the 
tracer gas is removed, components are 
air washed, and the chamber is returned 
to atmospheric pressure. Inspection is 
performed with a scintillation counter 
that measures the radiation level. The 
presence of tracer gas is indicated on an 
auxiliary rate meter. The equipment can 
be adjusted to process automatically a 
wide variety of devices. Individual test 
programs are set on a master control 
panel. (Consolidated Electrodynamics 
Corp., 360 Sierra Madre Villa, Pasa- 
dena, Calif.) 


Circle 1 on Readers’ Service card 


Digital computer simulator tests and 
evaluates complete memory systems for 
a wide range of operating parameters. 
The tester accommodates random ac- 
cess memories or serial buffers with ad- 
dress capacities to 16,384 words and 
word lengths to 48 bits. Four major 
functions are provided: timing genera- 
tion, word generation, address genera- 
tion, and word register and error detec- 
tion. Timing generation controls the 
tester as well as the memory that is be- 
ing tested. Word generation controls 
the word length and the data contained 
in each word. The pattern generated 
can contain any number of ones or 
zeros provided there is only one transi- 
tion from logical one to logical zero. 
The address generator consists of a 14- 





The information reported here is obtained 
from manufacturers and from other sources 
considered to be reliable. Neither Science nor 
the writer assumes responsibility for the accu- 
racy of the information. A Readers’ Service card 
for use in mailing inquiries concerning the items 
listed is included on page 1123. Circle the 
department number of the items in which you 
are interested on this card. 
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bit binary counter organized to be used 
in any of three modes: as a binary- 
coded decimal counter; as two seven-bit 
counters, in memories with two modes 
of address; or as a straight binary coun- 
ter. The address counter can be set to 
count between any two addresses. The 
memory word register is a flip-flop reg- 
ister. For checking, this register is com- 
pared with the word generation portion 
of the tester. Depending on the mode 
of operation, when an error occurs, the 
tester will stop or count the error and 
continue. (Rese Engineering, Inc., A 
and Courtland Sts., Philadelphia, Pa.) 
Circle 2 on Readers’ Service card 


Interferometer spectrometer (Fig. 1) 
analyzes the spectrum of incoming in- 
frared radiation by converting each fre- 
quency element into a proportional elec- 
trical signal frequency in the range 
susceptible to electronic spectrum analy- 
sis. The interferometer is of the Michel- 
son type which uses two mirrors, a beam 
splitter, and an infrared detector that 
observes the central fringe of the in- 
terference pattern. One of the mirrors is 
actuated by a saw-tooth signal to move 
repetitively at a uniform velocity. A 
monochromatic radiation signal enter- 
ing the interferometer results in an elec- 
trical output from the radiation detector. 
The frequency of this output is related 
to the frequency of the input radiation 
as the velocity of the mirror is related 
to the velocity of light. A polychromatic 
radiation input similarly results in a 






FIELD STOP 


superimposed “‘polychromatic” electrical 
output. 

Since the electrical output is in the 
appropriate frequency range, a variety 
of techniques used for radio- or audio- 
frequency spectrum analysis can be ap- 
plied. One such technique is the record- 
ing of the signal on magnetic tape and 
subsequent playback through a conven- 
tional wave analyzer. The result is a 
chart record of the spectrum of the 
radiation. Alternatively, the magnetic- 
recording step can be eliminated, with 
some sacrifice of resolution, by feeding 
the signal from the interferometer 
directly into a panoramic wave analyzer. 
If one is interested only in specific wave- 
lengths, several tuned narrow-band 
filters can be placed in the output to in- 
dicaté continuously the energy level at 
each of the wavelengths. If desired, the 
interferogram can be converted into 
digits, and then Fourier analysis can 
be performed by a computer. 

An advantage claimed for the spec- 
trometer is the increase of sensitivity 
resulting from the combination of two 
factors, (i) the large entrance aperture 
as compared with slit instruments and 
(ii) the continuous examination of all 
wavelengths throughout the entire 
period of each scan. The former is said 
to increase the sensitivity by a factor of 
100 for extended sources and typical 
instruments. The latter results in an im- 
provement in the signal-to-noise ratio 
(that according to information theory is 
proportional to the square root of the 
measuring time); it is said to be as much 
as 50 for typical instruments. This gain 
in sensitivity is paid for by a corre- 
sponding increase in the time required 
to perform the complete analysis. 

The instrument consists of an optical 
head, housing the interferometer optics 
and measuring 2.5 by 2.5 by 8 in., and 
an electronics package measuring 6 by 
8 by 10 in. Scanning rate is four spectra 
per second. If fluctuation of the source 
radiation is too rapid for this rate of 


A 





Fig. 1. Ray trace for interferometer spectrometer. 
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LOW-FRICED 
VISUAL 


SCIENCE 
AID KITS 


THOUSANDS 
NOW IN 
FROM 4@d@Piyy my 


AQUARIUMS 
AND KITS 


TERRARIUMS 


RODENT 
CAGES 





Thousands of teachers, students and 
research scientists know and depend 
upon the rugged Metaframe Visual 
Science Aid Kits. Engineered for safe 
and extensive use, Metaframe is fea- 
tured at low, sensible prices. 

Write for complete details now! 


e SAFE e ESCAPE-PROOF 
e GALVANIZED WIKE SCREENING 

















1 
- Fully illustrated literature with prices on |! 
1 complete line of Visual Science Aid Kits : 
' METAL FRAME AQUARIUM CO. 1 
‘ Pine Brook, New Jersey 1 
| NAME : 
1 COMPANY OR 1 
1 INSTITUTION : 
; ADDRESS . 
1 

1 CITY STATE ' 
ears ao hn fs ee cm ot ob om Ds rk erect ehiaanw 
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scan, resolution will be lost, but the cor- 
rect relative shape of the spectral dis- 
tribution curve will still be shown. Dif- 
ferent detectors can be used simultane- 
ously to cover a very broad spectral 
region in one output channel. Resolu- 
tion is said to be 0.004 ,» at | pw. (Block 
Associates, Inc., 385 Putnam Ave., 


| Cambridge 39, Mass.) 


Circle 3 on Readers’ Service card 


Card reader for automatic control 
systems will transport IBM cards from 
a card hopper past two reading stations 
and into a card stacker at a rate of 30 
cards per minute. The cards are scanned 
row by row, and contact-closure out- 
puts are provided corresponding to 
the perforations in all 80 columns of 
both cards. The reader will accept cards 
perforated in any binary or alpha- 
numeric code and may be operated 
either from an integral control panel or 


| by a remote automatic control system. 








| resistance of 2111.11 





(Datex Corp., 1307 Myrtle Ave., Mon- 
rovia. Calif. 


Circle 4 on Readers’ Service card 


Universal ratio set is a six-dial instru- 
ment designed for calibration of d-c po- 
tentiometers and Wheatstone bridges. 
Ranges are 20 x 100 + 10(10 + 1 
+ 0.1 + 0.01 + 0.001) ohms, for a total 
ohms. Limit. of 
error at 25°C is said to be 0.002 per- 


cent for dial changes of 100 ohms or | 


more; below 100 ohms, accuracy of 
reading is within two steps on the 0.001 
dial (Leeds and Northrup Co., 4939 
Stenton Ave., Philadelphia 44, Pa.) 


Circle 5 on Readers’ Service card 


Neutron generator is a portable de- | 


vice that can be turned on and off at 
will. Heart of the generator is a neutron 
scurce tube with a cylindrical titanium- 
tritium target screen. Output of neu- 
trons is approximately 10° per second 
with a neutron energy of 14.5 Mev. 
Outside dimensions are 4-in. diameter 
and 37-in. length; weight is 32 lb. The 
device operates on 115-volt 60-cy/sec 
current. (Dresser Industries Inc., Repub- 
lic National Bank Bldg., Dallas, Tex.) 


Circle 6 on Readers’ Service card 


Evaporated film thickness monitor 
depends on the measurement of the 
optical performance of the material 
being deposited. This is accomplished 
by projecting a chopped beam of white 
light upon a monitor disk in the vacuum 
chamber and measuring reflectance. 
Measurement is made at a_ specific 
wavelength corresponding to any of six 




















IN CHROMATOGRAPH 
ANALYSES... 
Virtually eliminate 
all labor and errors 
with the 


INFOTRONICS 
Digital Integrator- 
Recorder-Controller 


This CRS-1 (Control Recording Sys- 
tem) accepts the output signal of any 
common gas chromatograph and converts 
it to digital values of both occurrence 
time and relative area. Accurate digital 
values of peak times and areas are then 
recorded simultaneously in any of the 
common formats: digital printer or type- 
writer, punched IBM cards, punched 
paper tape, or magnetic tape using the 
INFOTRONICS R-1 digital magnetic 
recorder. 


FEATURES AND SPECIFICATIONS 

1. Integration depends on curve slope, 
not amplitude, therefore even “side- 
lobes” are measured separately. 

2. High speed integration response — 
will process peaks spaced as closely 
as two seconds. 

. Peak time and peak area are re- 

corded simultaneously. 

High resolution — 5,000 counts per 

second give maximum area accuracy. 

. Automatic area totalizing feature is 
available. 

6. Works equally well with either fast 

or slow chromatographs. 

Input: Full scale ranges—1 mv, 10 my, 

100 mv, 1 volt. 

Integrator: Six digits standard, addi- 

tional capacity available. 

Accuracy: 0.1% of full scale maximum 

error in integration conversion. No errors 

in counting per se. 

Transistorized control circuit: Maximum 

sensitivity to rate of Change of detector 

signal is better than 0.1% of full scale 
range per second. 

Output: Linear to 200% overload on 

input. 


ao > Ww 


For complete information, 
please contact 


DPINEFoTRoONnics 


CORP 


1401 S. Post Oak Road 
Houston 27, Texas - 
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interchangeable filters. The component 
of the monitoring disk is installed 
through a '-in. hole in the base of the 
vacuum chamber. The light beam, 
chopped at 90 cy/sec, is transmitted 
through the side of glass vacuum cham- 
bers or through a port in metal cham- 
bers. A two-channel amplifier permits 
addition of a second optical monitor 
system without additional electronics. 
The system is sensitive to infrared and 
visible radiation. Two red filters are 
supplied between 1.5 and 2.5 yp. Ac- 
curacy is said to permit control of film 
thickness to +0.25 percent. (Optics 
Technology, Inc., 248 Harbor Blvd., 
Belmont, Calif.) 


Circle 7 on Readers’ Service card 


Lecture table oscilloscope features a 
12-in. screen that faces the class and a 
3-in. monitor and oscilloscope control 
on the rear panel for the instructor’s 
convenience. All controls operate the 
two displays simultaneously. The elec- 
tron beam of the 12-in. tube can be 
broadened and brightened to provide 
a wide trace said to be visible from any 
part of the largest classroom. Operating 
characteristics are otherwise very simi- 
lar to the manufacturer’s model 2167 
oscilloscope. (Welch Scientific Co., 1515 
Sedgwick St., Chicago 10, Ill.) 


Circle 8 on Readers’ Service card 


Alpha-numeric readout device ac- 
cepts binary-coded decimal input up 
to six bits, decodes the input signal, 
and dispiays the proper character. Oper- 
ating power is 10 mw per bit of signal. 
Up to 20 characters per second can be 
displayed; size of characters is 1% in. 
The last character presented will remain 





on display after signal-pulse and set- 
pulse power have been removed. Con- 
tact closures can be provided for veri- 
fication that the input signals have been 
properly accepted. (Industrial Electronic 
Engineers, Inc., 5528 Vineland Ave., 
North Hollywood, Calif.) 


Circle 9 on Readers’ Service card 
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RADIOACTIVITY 
CONTAMINATION 


DETECTION SYSTEMS 
AVAILABLE FROM LIONEL 


NEW TRANSISTORIZED MODELS 
NOW AVAILABLE 





AIR PARTICLE MONITORS 
Portable and rack mounted a, b, v air 
particle monitoring units. Moving paper 
and fixed paper instruments available. 
Produced to latest AEC and military 
specifications. 








Za 


PORTAL 
“CHECK-OUT” 
MONITORS 





“Head-to-toe” b, y monitored exiting. 
Effective rapid portal monitor offers 
eight individual alarm channels. Com- 
plete with long-lived, thin-walled 
Lionel /Anton halogen-quenched stain- 
less steel detectors. 








— 
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PORTABLE TRANSISTORIZED 


SURVEY METERS FOR 
LABORATORY OR FIELD USE 
Available with beta gamma probe, 
headset, carrying-strap, batteries 
(standard flashlight “D” cells) and 
complete manual, Type 700. Also 
available as above with interchange- 
able end-mica window alpha, beta, 
gamma probe in place of standard 

probe, Type 701. 


Y 











ALPHA, BETA, GAMMA AND 
NEUTRON DETECTORS 
More than 100 types of detectors 
covering the entire range of nuclear 
radiation... unique configuration and 
“special application” devices. The 
Lionel/Anton Neutron Detector Cata- 
log and the Lionel/Anton a, b, 
Detector Catalog belong in your 
radiation facility reference file. 


LIONEL ELECTRONIC LABORATORIES :..:::. 


# 1226 FLUSHING AVENUE 


DAD \ 
— 


BR OKL 
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buy ASCO for 


PIRANI-TYPE VACUUM GAUGE 





New ta 
transistorized EF 
circuit and @~* Zener diode 
stabilization insures top performance! 


Wide range, fine calibrations, and easy reading are 
attained with its wide scale, illuminated meter 
movement and dual reading scale, (.1 microns Hg. 
to 5000 microns Hg.). It is self-calibrating. A new 
transistorized circuit insures long, trouble-free use 
and Zener diode stabilization helps to insure accu- 
racy to better than .1%. The gauge is shock resist- 
ant to 8 g.’s and is made of strong polyester, shock- 
proof case and mount. 115 V.—50-60 cycle opera- 
tion. 6” wide x 62” high x 84” deep. Only $449 


For use with Asco Pirani-Type Gauge, 
an inexpensive yet highly efficient 
recorder and controller, in 2 ranges — 
Cto 25 microns and Oto 5000 microns. 


ASCO+ = 
RECORDER 


small, compact 
trouble-free 


The smallest and simplest 
strip chart recorder on the 
market, it provides true rec- 
tilinear recording free from _ 

inconvenient distortion. Operating at one inch per 
hour, a 63-foot chart roll records for 31 days. A 
galvanometer pointer swings free for maximum ac- 
curacy, being clamped for marking briefly once 
every 2 seconds, generating a continuous line of 
many small dots. Scale length—25A.¢”. For portable 
use or panel mounting. 3%” wide x 5544” high x 4%” 





é 


" seeds 
Lie us| 
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deep. Only $193 
odd CONTROLLER 
versatile, 
easy-to- 
| operate 


Electro-mechanically 
controlled, the Asco 
" Controller uses contact 
s meter-relays as its prin- 
cipal component. The meter-relay indicates the 
control variable, and it initiates control action. In 
applications where a variable is held to a present 
level, an interrupter is used to separate the meter- 
relay’s locking contacts periodically. This allows the 
meter-relay to sample to see if further control action 
is necessary. Input—115/230 volts, 50/60 cycles. 
SPDT load switch rated 5 amperes 115/230 volts 
resistive. For portable use or panel mounting. 556” 
wide x 5%” high x 10” deep. Only $194 
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ARTHUR F. SMITH, INC. 
311 ALEXANDER ST., ROCHESTER 4, N. Y. 











This pattern converter transforms in- 
formation from an analog display, such 
as map, chart, oscilloscope, or graph, 
into digital x-y coordinate scan points. 
Output can be to punched cards, 
punched paper tape, or magnetic tape; 
or the equipment can be operated on- 
line with a computer. The instrument 





breaks down an image of the display 
into a suitably fine grid, 0.05 in. per 
element in one model, and the black- 
ness of each point and its position are 
converted to a digital code. Rate of 
conversion is determined by the system 
resolution requirements and the speed 
of the digital output devices. (Rabinow 
Engineering Co., 7212 New Hampshire 
Ave., Washington 12, D.C.) 


Circle 10 on Readers’ Service card 


Beryllium analyzer includes a_five- 
decade scaler, detector head, and lead 
chamber. In operation, gamma radia- 
tion from an antimony-124 source 
interacts with the sample, carried in a 
sample slide, to produce neutrons. The 
neutrons are detected by a scintillation 
counter, and the count rate is compared 
with that obtained with a standard 


sample to determine the beryllium con- | 


tent of the unknown. (Research Chemi- 
cals Division, Nuclear Corporation of 
America, Burbank, Calif.) 


Circle 11 on Readers’ Service card 


Remote control stereomicroscope in- 
corporates the manufacturers zoom 
optical system. Magnification is con- 
tinuously adjustable between 1 and 60. 
A sealing tube permits the instrument 
to be repositioned at different points in 
a hot cell without danger of contamina- 
tion. Self-contained shielding, equivalent 








quartz crystal 
test equipment 





LEHIGH VALLEY ELE“TRONICS crystal produc- 
tion finishing equipment is automatic in a tem- 
perature range that is adjustable from —55_ to 
+90 °C., to suit the needs of each program, and 
enables the operator to handle three or more 
units simultaneously. 


The comparison technique is the system's 
basis—all crystals being run against previously 
acceptable crystal standards. 

The units are built in a practical size and 
finished in light green baked enamel. 

Matched sets of calibrated thermistors may 
be obtained in HC-6/U holders. 

Associated equipment, standard or built to 
customer specifications, include: 

TRANSISTOR AND DIODE TEST UNITS 
SPECIALIZED TEST SETS 
OSCILLATORS * OVENS * AGING RACKS 


Detailed Information On Request 


LEHIGH VALLEY ELECTRONICS 


215 South Third Street © conned Pa. 






















MAXI 


the one and only 
multi-functional 
lab workshop 
for experimental 
machining 





NEW-from the makers of UNIMAT! 
This remarkable 10” tool room lathe 
does the work of FOUR machines 
(lathe, drill press, jig borer, vertical 
milling machine) in the space of ONE, 
and at less cost than a single-purpose 
lathe meeting the same high tool room 
standards of precision. The exclusive 
VERTI-BED holds a detachable 
head-stock-and-motor unit for vertical 
functions without impeding simulta- 
neous horizontal operations. Best bet: 
the double-spindle model shown 
above—no change-over necessary! 


WRITE FOR CATALOG AND PRICE LIST 
AMERICAN EDELSTAAL INC. 


Dept. AJ, 350 B’way, N. Y. 13, N. Y. 
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to 12 in. of lead, protects the operator | 
from radiation from the cell access port | 
when the instrument is in position. The | 
standard model is designed for use in a | 
36-in. wall. Modifications permit instal- 
lation in walls up to 60 in. thick. Sup- 
plied as standard equipment is a 35-mm 
stereo camera in a swing-on bracket 
that fits light tight over the eyepieces. 
(Bausch & Lomb Inc., Rochester 2, 
N.Y.) 


Circle 12 on Readers’ Service card 





Accessory for x-y plotter adapts the 
manufacturer’s model 560R plotter for 
on-line operation with medium scale 
digital computers. The adapter accepts 
incremental computer output signals 
and converts them to plotter input 
signals. The adapter provides the proper 
termination for the computer output 
lines, and, where required, returns a | 
signal to the computer to request the 
next pulse. (California Computer Prod- | 
ucts, Inc., 8714 Cleta St., Downey, 
Calif.) 


Circle 13 on Readers’ Service card 


Speech compression system is said to | 
be capable of communicating speech in 
a total bandwidth of 150 cy/sec. When 
digitized, the compressed speech signal 
can be transmitted at an information 
rate of 1000 bits per second. In analog 
form, the signal appears as seven 20- 
cy/sec bandwidth low-passed signals. 
For digitizing, each of the channels is 
sampled at a 43.5-cy/sec rate to pro- 
duce a single-channel stream of 1000 
bits per second. The current model 
weighs less than 50 Ib. (Melpar, Inc., 
Falls Church, Va.) 

Circle 14 on Readers’ Service card 





Temperature transducer of the plati- 
num resistor type is designed for indef- 
inite immersion in sea water. The 
transducer contains its own bridge cir- 
cuit. Calibration is expressed as milli- 
volts per volt versus temperature over 
the range —S° to +30°C. Accuracy 
and interchangeability are said to be 
+0.09°C, (Trans-Sonics, Inc., P.O. Box 
328, Lexington, Mass.) 

Circle 15 on Readers’ Service card 


Shield chamber for making electri- 
cally ultra-quiet measurements is used 
to enclose and test sensitive electronic 
circuitry on the workbench. Power is 
supplied to devices in the chamber by 
means of an isolation transformer unit 
with less than 0.005-pf interwinding 
capacitance and more than 10,000- | 
megohm interwinding leakage resist- | 
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For Sub-Zero Storage 
The CSI Dry Ice Storage Cabinet 





MODEL GS-34 SPECIAL 


All cabinets are manufactured of welded and polished stainless steel 
which contributes to cleanliness, appearance and serviceability. Effi- 
ciency has been accounted for in such features as high quality insula- 
tion, interchangeable storage inserts and size. The width allows passage 
through a normal door and the length is the only dimension changed 
in the three sizes. The cabinets are built with or without the CO: 
entering the storage compartment. The cabinet on the left is our 


standard model and the unit on the right is specially constructed to the 
customer’s design. 


Folder and Prices Upon Request 


CUSTOM SCIENTIFIC INSTRUMENTS, INC. 


541 Devon St. Kearny, N.J. 

















TRITIUM- CARBON RADIO CHROMATOGRAPHS 


The chromatogram strip is scanned 
from both sides with two window- 
less flow counters (see insert). The 
chromatogram strip constitutes a 
part of the cathode of the detector, 
insuring highest sensitivity for tritium 
beta rays (Patented). Total back- 
ground 24 counts/min. The scan- 
ning head can be decontaminated 
through immersion in an ultra-sound 
bath or in boiling detergent. Gas 
consumption: 1 No. 1A _ cylinder 
lasts for 4000 hours. 


Model ACSHIC. For continuous processing of %, 1 and 1% inch wide chromato- 
gram strips, spliced end to end either during scanning, or stored on reels. With 
Texas rectilinear recorder, with fingertip control speed selector. Automatic coding 
with separate marker pen. Rf-values can be read directly from the chart. Complete 
with counting-rate meter with built-in linear amplifier, pulse height discriminator, 
11 ranges, 12 time constants and aural monitor .............00e cece eens $2,200 


Model ACSDIC. Same, with dual channel recorder and two countingrate meters. 
Produces separate plots for tritium and Carbon-14, or for any two tracers on the 
same chromatogram strip. .... 0... ccc ccc we wt esc ccccn ere ccsccessceses $3,500 


INTEGRATING RADIOCHROMATOGRAPH 


Model ACSIIC. Plots besides the curve displaying the activity distribution, with the 
help of a second pen, in different color, the integrated value of the activity curve, 
i.e. the area under the peaks. Both pens move across the full, wide-grid (954) chart 
paper. Complete with rate meter... 00... ccc ccc cece ccc cccceeccccscens $3,500 


Model MCS. Manual chromatogram scanner with rate meter...........-..+- $400 


THE FORRO SCIENTIFIC COMPANY 
833 Lincoln Street Davis 8-5729 Evanston, Illinois 
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DYNOGRAPH 


yx completely transistorized 
vx two channel 
yy rack or portable mounting 


yy unmatched accuracy 
and versatility 


Microvott sensitivity, unmatched ac- 
curacy and compact design are com- 
bined with exceptional versatility in 
this completely new two channel Type 
RS Dynograph. 
All-transistorized, table or rack 
mounted, conveniently carried for 
portable use, the Type RS Dynograph 
provides the same exceptional per- 
formance specifications as the Offner 
Type R Dynograph. 


SPECIFICATIONS 
Sensitivity: With preamplifiers, 10 microvolts 
em. to 50 volts per cm. 
Warm-up: Instantaneous. 


Drift: One microvolt per hour pen drift at 
maximum sensitivity. 


Ambient Temperature Range: —20° to + 60° 





Within 10% to 150 cps, 
“and "20% ‘to beyond 200 cps. 


Recording Media: Rectilinear Heat or Electric, 
Curvilinear ink or electric, easily converted. 


Deflection Time: 2.5 MS with preamplifiers, 1.5 


MS without. 


Write for complete details. 


Beckman® 


OFFNER DIVISION 


of Beckman Instruments, Inc. 


3950 River Rd., Schiller Park, tll. 
(Suburb of Chicago) 
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ance. A complete box shield around 
the transformer’s secondary winding is 
electrically continuous with the shield 
chamber. Electromagnetic shielding is 
said to be 40 db even at power line fre- 
quencies. Three sizes are available. 
(Topaz Transformer Products, Inc., 
4995 Weeks Ave., San Diego 10, Calif.) 
Circle 16 on Readers’ Service card 


Rubidium vapor frequency standard 
is based on optical pumping and trans- 
mission monitoring. It derives its stable 
frequency from the rubidium-87 ground 
state hyperfine transition of 6834.86... 
Mcy/sec. Long-term stability is said to 
be 2 parts in 10" and short term sta- 
bility 3 parts in 10" for a 1-sec sampling 
time. Absorption cells are manufactured 
to customer-specified time scale. Ex- 
amples are Ephemeris Time (A.1) or 
the current standard frequency broad- 
cast offset of —150 x 10° relative to 
A.1. Other cells for alternative fre- 
quencies can be supplied. Fine tuning 
over a range of 200 parts in 10” affords 
time-scale flexibility. The instrument 
draws 110 watts and is designed for 
standby battery operation. Standard out- 
put frequencies are 5.0, 1.0, and 0.1 
Mcy/sec, with others available on re- 
quest. (Varian Associates, 611 Hansen 
Way, Palo Alto, Calif.) 


Circle 17 on Readers’ Service card 


Reference current source is a port- 
able battery-operated device for check- 
ing electrometer circuits. The source 
supplies 0.9 to 9 volts with seven cur- 
rent ranges from 10° to 10° amp. 
Accuracy is said to be +1.5 percent. 
Power is supplied by seven mercury 
cells. (Gyra Electronics Corp., Washing- 
ton and Elm Sts., La Grange, IIl.) 


Circle 18 on Readers’ Service card 


Millivolt source, regulated by a 
Zener-diode, provides an output voltage 
adjustable in two ranges from 0 to 100 
mv. Accuracy is said to be +0.1 percent 
of full scale, and noise output less than 


0.1 mv across the output terminals or’ 


from either output terminal to ground. 
(Westronics, Inc., 3605 McCart, Fort 
Worth 10, Tex.) 


Circle 19 on Readers’ Service card 


Biomedicai amplifier-transmitter is a 
three-channel instrument that makes 
possible remote monitoring of three 
bioelectrical signals by telemetry. The 
instrument amplifies, multiplexes, and 
transmits the signals over the standard 
FM frequency band. The signals are 
received up to 100 yards away by an 


’ 








Just Published! (3 ee 
New 4th Edition 


PATHOLOGY 





Edited by 
W. A. D. Anderson 


One of the most up-to-date and 
complete general pathology 
books in print 


This new 4th edition of PATHOLOGY is 
one of the most complete and detailed one- 
volume work of its kind. It encompasses 
general pathology, special or organ pa- 
thology and surgical pathology. With 1385 
illustrations including 90 new ones, this 
book continues to be one of the most pro- 
fusely and most effectively illustrated books 
on this subject. 


Considerable attention has been given to 
viral diseases, topical and parasitic diseases, 
oral diseases and new material is included 
on tumors, endocrine disorders and pulmo- 
nary diseases. 

Edited by W. D. ANDERSON, M.A., M.D., F.A.C.P., 
F.C.A.P. Written by 35 contributors. Published August, 


fost 4th edition, 1389 pages, 74,” x 10/2”, 1385 illustra- 
tions, 7 color plates. Price $18.00. 


Just Published! |New IIth Edition 
Bard 
MEDICAL PHYSIOLOGY 


Through 10 editions this book has gained 
a reputation for authoritativeness and com- 
pleteness. The new 11th edition of this 
classic was written by many of the top phys- 
iologists in this country, It gives students 
full discussions of all the complex and con- 
troversial problems within the field of mod- 
ern medical physiology and a profusely il- 
lustrated, detailed evaluation of the clinical 
application of the newest physiological 
principles and concepts. 


Edited by PHILIP BARD, Professor of Physiology, The 
rey pheeg University. With 15 collaborators. Pub- 
lished Augu 1961. tith edition, 1339 pages, 7%" x 
tous 508 “ilustrations, 4 in color. Price, $16.5 


Gladly Sent to Teachers for Consideration as Texts! 


The C. V. Mosby Company 
3207 Washington Blvd. 
St. Louis 3, Mo. 
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FM tuner and converted to a form suit- 
able for recording or display. One chan- 
nel has operating characteristics suit- 
able for electrocardiograph, electromyo- 
graph, electroencephalograph, or gal- 
vanic skin response signals. The other 
two channels are designed for more 
slowly varying signals such as tem- 
perature, respiration, or blood pressure. 
(Litton Systems, Inc., Woodland Hills, 
Calif.) 
Circle 20 on Readers’ Service card 


Spectrum analyzers, (Models MRFR 
30-9 and MRFR 30-11) cover, respec- 
tively, any 300-cy/sec band and any 
1260-cy/sec band between 5 cy/sec 
and 10 kcy/sec. In the former, the 
signal is applied to a bank of 190 filters, 
and in the latter to a bank oi 420 filters. 
Filter outputs are sampled in sequence 
by a high-speed capacitive commutator, 
and the detected signal is amplified and 
displayed on an oscilloscope. A recorder 
which gives a permanent paper record 
of analysis can also be supplied. Sam- 
pling rate of the MRFR 30-9 is 30 scans 
per second, and resolution over the 
entire band is 8 cy/sec with a dynamic 
resolving range of 35 to 40 db. (Ray- 
theon Co., 55 Chapel St., Newton 58, 
Mass.) 


Circle 21 on Readers’ Service card 


Ultrasonic cell disrupter is said to 
break down cells effectively without in- 
activating the liberated enzymatic pro- 
tein. The apparatus operates at a pre- 
tuned frequency of 20 kcy/sec. A 
magnetostrictive transducer generates 
ultrasonic energy in a 70-ml chamber. 
Either batch or continuous-flow models 
are available. The batch model will dis- 
rupt cells in quantities as small as 15 
ml and as large as 70 ml. With the con- 
tinuous-flow unit, as much as 1 lit. of 
cell slurry per hour may be processed. 
Both models incorporate a cooling sys- 
tem that maintains the fracturing cham- 
ber at 0°C. (Will Corp., P.O. Box 1050, 
Rochester 3, N.Y.) 

Circle 22 on Readers’ Service card 


Infrared radiation collimator is an 
off-axis system that produces a beam of 
unobstructed radiation. It employs a 
plane reflecting mirror and an off-axis 
paraboloidal mirror both of which are 
aluminized and coated for high-re- 
flectivity in the 0.25- to 16-y region. 
Angular resolution is said to be 0.2 mil. 
A variety of sources can be positioned 
at the entrance aperture. An aperture 
wheel with seven apertures allows the 
flux density to be changed over a 1000 
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THE | 


ULTRAFILTER 


for concentrating 

protein solutions, 
body fluids, suspensions 
of micro-organisms... 











LKB 


Operating by vacuum suction, the 
DIP-TYPE ULTRAFILTER, consist- 
ing of a dialysis membrane supported 
by a Nylon framework, represents a 
significant improvement in methods of 
concentrating complex mixtures of 
biological compounds. 


THE PROCESS 


leaves labile substances unharmed, 
causes no alteration in salt concentra- 
tion, achieves high filtration rates, up 
to 14ml/h., permits easy selection of 
end volume. 


THE UNIT 


is constructed to eliminate risk of con- 
tamination, takes next to no space in a 
refrigerator, grouped in a_ battery, 
handles large volumes comfortably, has 
low initial and operating costs. 


The LKB 6300A Ulltrafilter is stocked by 
leading laboratory supply houses in the 
United States and Canada. 


Price f.0.b. Washington, D. C. $14.90 


WRITE FOR BULLETIN 6300ES 


LKB INSTRUMENTS, INC. 
4840 Rugby Ave., Washington 14, D.C. 





-gD 





International Headquarters LKB-Producter AB, 
P.O.B. 12220, Stockholm 12, Sweden 
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| Hyland Laboratories 
4501 Colorado Blvd. 
| Los Angeles 39, Calit. 


Please send Tissue Culture catalog to 


| 
| Name — 





Organization 
or Firm . 








pcan State 








SEND FOR HYLAND’S 
LATEST LISTING OF 


TISSUE |” 


CULTURE COMPONENTS 


Of special interest is unique Newborn Agamma Calf Serum, which 
provides an excellent protein source for cell propagation and is 
recommended for detection, propagation and study of many viruses. 
This specially processed serum, from which gamma-globulin has 
been completely removed by fractionation technics, provides an 
unusually high content of alpha- and beta-globulins. In virus studies, 
it has shown no inhibition of Types I, II and III polio viruses. This 
serum is available in both liquid and dried form in a variety of 
practical sizes. 

Other bovine specialties include: Newborn Calf Serum (liquid or 
dried), which is derived from 1- to 4-day-old calves arid, because of 
high alpha-globulin content, is more stimulatory to cell growth than 
serum from more mature animals; non-toxic Fetal Calf Serum (liquid); 
Bovine Amniotic Fluid (liquid or dried); Bovine Embryo Extract 
(dried); Bovine Embryo Extract, Ultrafiltrate (liquid); Bovine 
Serum (liquid or dried); Bovine Serum, Ultrafiltrate (liquid). 

Chicken Serum (liquid or dried) is available in large pools for 
polio testing. Our line also embraces other serums and serous fluids, 
ultrafiltrates, balanced salt solutions and synthetic media. We wel- 
come your inquiries about special formulations or preparations of 
particular interest to you. 


HYLAND LABORATORIES “=> 


4501 Colorado Blvd., Los Angeles 39, Calif. 








to 1 range. The collimator can be hypothermia flow conditions. The ap- 
furnished with auxiliary radiation in- paratus is basically a bubble oxygenator 
terrupting devices such as solenoid- with a variable surface area. 
actuated shutters or rotating sector disk mentation is provided for continuous 
choppers. (Barnes Engineering Co., monitoring of oxygen flow rate, pump 
30 Commerce Rd., Stamford, Conn.) pressure and vacuum, blood flow, pH, 
Circle 23 on Readers’ Service card temperature, and pO:. Pumping of the 
blood is accomplished by a pressure 

Perfusion apparatus is a system for and vacuum cycle in a chamber con- 


the oxygenation, pumping, heating, and taining a flap valve. Flows up to 4500 


cooling of blood under “ideal” physio- 
logical and clinical conditions for ex- 
tracorporeal flows during open-heart 
surgery. It can be used for operations 
within the normal blood-temperature 
range or under moderate or profound 
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ml/min are available. Blood volume 
required for priming is 1700 ml. Over- 
all dimensions are 45 by 38 in.; weight 
is approximately 400 lb. (Selas Corpo- 
ration of America, Dresher, Pa.) 
Circle 24 on Readers’ Service card 





High temperature hardness indentor 
is designed for use at temperatures as 
high as 3000°F. The indentor consists 
of a sapphire mounted in a molybdenum 
shank. It is available in sphero-conical 
and pyramidal shapes. The pyramidal 
model incorporates the standard Vickers 
136-deg angle. (F. F. Gilmore & Co., 
725 Boylston St., Boston 16, Mass.) 

Circle 25 on Readers’ Service card 


Audiometer provides tone tests in 
nine steps from 250 to 8000 cy/sec, and 
it provides speech tests from a recording 
or live by means of a microphone. Sig- 
nals can be presented to either or both 
ears, and a phone balance permits 
regulation of relative intensities. A 
monitor earphone with its own volume 
control is also provided. A threshold- 
level dial ranges from 10 to 100 db 
with markings in 1l-db steps. The test 
tone can be interrupted manually or by 
automatic pulses; a masking signal of 
adjustable intensity is provided. (Otarion 
Listener Corp., Ossining, N.Y.) 

Circle 26 on Readers’ Service card 


High-vacuum calculator of the slide- 
rule type is designed to permit calcula- 
tion of pump or chamber size as well 
as time and pressure for high-vacuum 
systems. The calculator (over-all size, 
8% by 11 in.} consists of two slides held 
in place by a rigid vinyl casing. Each 
slide can be used to solve simple prob- 
lems, and together, they are said to be 
capable of solving complex high-vacuum 
problems. (Consolidated Vacuum Corp.., 
1775 Mt. Read Blvd., Rochester 3. 
Na? 


Circle 27 on Readers’ Service card 


Gyro power source supplies a-c power 
for four two-phase gyro motors and 
records voltage and current for one 
phase of each motor. An eight-channel 
recorder simultaneously charts phase 
voltage with sensitivity to 0.01 percent 
per centimeter, and it charts the in- 
phase component of current consumed 
by that phase with sensitivity of 0.5 
ma/cm. Output frequency is 800 cy/sec 
+0.001 percent with frequencies be- 
tween 300 and 5000 cy/sec available. 
Output voltage is 2 to 15 v +0.1 per- 
cent. Regulation against line or load 
variations is +1 percent. Maximum 
distortion is said to be 1 percent, with 
0.1 percent available on special order. 
(Behlman Engineering, Burbank, Calif.) 

Circle 28 on Readers’ Service card 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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DENSICHRON TESTMATIC 
1S _ =e © 
ts 
i ELECTRONIC DENSITOMETER = 7-4 ee-Y) fed 
al ® Good Sensitivity ¢ High Stability 
al 
rs ASSURES QUICK, A 
. ACCURATE STABLE Excitingly New! 
pects arage For fast repetitive weighing the Test 
or fast repetitive weighing the Test- < 
TRANSMISSION AND matic Balance is a leader in its field. 
REFLECTION The superb performance of this remark- 
: \ | able balance was created by the world's 
in DENSITIES ‘ finest Swiss craftsmen. Check it over 
id feature by feature and you will see why. 
1 e Direct optical readout with 1000 divi- 
1g sions on the scale. 
g- " e Easy to read scale divisions 2.5 mm 
th ae . apart. 
<< : : e Scale is in direct line of sight with 
its : ® g: the pan. 
A es 4 NO. 3832A Pe aine Testmatic is priced surprisingly 
ne ———eOREFLECTION UNIT , = 
MODEL TYPE T-1 T-10 T-100 
“ | $ : oe Scale in es én ass 
| rams -1 g. +10 g. 9. 
NO. 3830A DENSICHRON AND PROBE | Write fr further Seal. Osions 19 10mg oma 
H i j i egibility wi 
7 38304. Densichron with blue probe Each, $270.00 Se, ee esas den eee 
<t 3830B. Densichron with red probe Each, $295.00 invited. Weighing Time 8-Sec. 3-5Sec. 2.3 Sec. 
of 3832A. Reflection Unit. Each, $200.00 | ) 
on 
Write for our new DENSICHRON catalog giving complete Cc i H ny Ss 7 Oo E L T I N G Cc Oo . 
description on these and many other set ups and accessories. i 
Analytical Balances, Micro-Manipulators, Stereotaxic 
Instruments, Strip Chart Recorders, Polygraphs, 
THE WELCH | SCIENTIFIC »SOMPANY Research Microscopes, Kymographs 
le- 1515 SEDGWICK STREET, DEPT. E, CHICAGO 10, ILLINOIS, U.S.A. 
la- Manufacturers of Scientific Instruments and Laboratory Apparatus 424 NORTH HOMAN AVENUE, CHICAGO 24, | 
ell 
im 
Le, 
Id 
ch 
\b- 
te For photo-fluorometric identification and anal- ures absorption or transmission characteristics. 
ysis. Far more discriminating than conventional Can be used for micro or macrotechniques and 
im colorimetric or spectrophotometric techniques. extremely low concentrations. For manual, oscillo- 
p.. Modular construction makes this instrument par- scope, or chart recording. Utilizes Farrand's pre- 
3 ticularly flexible and versatile. New feature meas- cision grating Monochromators. 
ver Grating type—compact, rugged, precise. Models in the ultra-violet visible and infra-red regions. 
nd available for monochromatic illumination at wave- Simple and convenient to use with microscopes, 
lengths ranging between 220 and 6000 millimicrons _colorimeters, photometers and other instruments. 
ne 
nel J T 
_ LU Oo RO Vv E E R 
>nt 
in- Provides precise, reliable, repeatable measure- for extremely low concentrations in micro and 
ments for ail fluorometric methods of analysis. macro volumes. 
ed Accurate over a wide range of sensitivities. Ideal 
0.5 
sec 
be- 
le. , Ne a ; : ail : 
: Exceptional sensitivity, stability, and linear re- interchangeable photomultiplier tubes for optimum 
er- sponse at extremely low light levels. Choice of response in selected spectral regions. 
vad 
um 
ith - FARRAND OPTICAL CO., INC. DEPT A, BRONX BLVD. & EAST 238th STREET 
N. Y. 70, N. Y. 
ler. : Please send me catalog material and prices on the instruments checked 
if.) () SPECTROFLUOROMETER (| MONOCHROMATOR [] FLUOROMETER 
[] PHOTOMETER 
oD SES ae ere cre ree rn ar TERRES ca cine.os Seen 
RN OPTICAL COMPANY, INC. AONE so . ca'ccn. vis Bie seeded ea Se a See 
Bronx Blvd. and East 238th St., New York 70, N.Y. PDDRESS oc icc ccc cc tieces cee cceos cts ccewe wees cnsewven sic dee dscuas 
Engineering, research, development, design, and manufacture of als 6 ates d ke, win ane areze 6% 0ini0.4 Gea ZONE .... . «.. SEAMS 0c cick se stead 
precision optics, and electronic and scientific instruments. 
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PHOTOVOLT 
Se a sinrtiocx ye 


for ELECTROPHORESIS and CHROMATOGRAPHY tem permits adding of 


units as required, from 
manual and semi-auto- 
matic operation to fully- 
automatic recording 
and integrating 





@ For scanning of electro- 
phoresis strips and readings 
on large sheets in chroma- 
tography 


@ For work in visible and 
ultraviolet ranges 


@ For evaluation by color- 
transmission, reflection or 
fluorescence 


@ For readings on filter pa- 
per, agar, starch and other 
gels 












Write for Bulletin 800-5 to: 


ad p LOM Reh fo] My mote]. ite]. 7-wale),. 


1115 Broadway ¢ New York 10, N. Y. 

















PORTABLE INFUSION-WITHDRAWAL PUMP 


Catalog No. 1100 


Small size and complete portability permit use in SPECIFICATIONS 
limited working space where flexibility of mounting is - Ps 
: ie P ode - shane ; Se no” ar Ry Rates from 2.59 ml./min. to 0.018 ml./24 hrs. 
important. umping mechanism consists of a_ pre- Maximum reproducibility due to synchronous 
cision-cut, stainless steel lead screw and moving : / : 
ears : ae ee a motors 
carriage assembly. Limit stops automatically termi- 


. . . ° 110-120 volt A.C., 60 cycle operation 
nate pumping action at any pre-set point. Its special e : y I "a 
beanies : . ‘ . @ Accepts standard Luer Lok syringes -- 
construction allows the pump to be placed in any ‘Be : k ] 
»osition without impairing pumping action ; @ Noiseless in operation 
pe ; E 8] fers ' @ Size: 15” x 3” x 2”, exclusive of mounting handle 
The pump is designed to use interchangeable, plug- “fie 
- ; * ss a5 : REST @ Weight: under 4 pounds. 
in motors which are synchronous and reversible. A At : rrr 
" ase aig . ‘ Pump complete with 1 motor .............$135.00 
wide variety of motors is available to produce any ‘ > ae 
Sh vat Bais =a or : Q Bintra MmOtgre; aGh ys eer cei iio. > Aa 
desired pumping rate. Motors are quickly _ inter- 
changed by the user with no tools required. Prices are f.o.b. Dover, Mass. 


Data Sheet 1100 and Catalog 1960-61 available on request 


HARVARD APPARATUS CO., INC. e Dover, Mass., U.S.A. 


(a non-profit organization) 
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ANNUAL BUYER’S GUIDE TO 
ADVERTISED PRODUCTS 


On the pages that follow is a classified listing of all products advertised 
in SCIENCE since 13 October 1960. We have made every effort to 
make this Guide an aid to purchasers of new instruments and equip- 
ment for the laboratory. Under each classification is listed the name 
of the manufacturer and the issue and page where the advertisement 
appeared. 


Cover positions are designated as follows: 


IFC — Inside front cover 

IBC — Inside back cover 

BC — Back cover 

1A  — Page opposite inside front cover 


By using this Buyer’s Guide, it is possible to obtain immediately manu- 
facturers’ specifications on the newest laboratory tools. If, however, you 
do not find what you are looking for in this Guide, our Advertising 
Office will be happy to assist you further. Our market research depart- 
ment maintains extensive files on all types of laboratory equipment. 
Write to the address below, stating your requirements, and we will try 


to provide you with several sources. 


SCIENCE Magazine 
11 West 42 Street 
New York 36, N.Y. 
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TRIPLE- POINT-OF-WATER 


LL 


a convenient standard for 
establishing a fixed 
temperature 
reference povnt. 








EQUIPHASE Triple-Point-of-Water Cell establishes a 
reference temperature of 0.01°C with guaranteed 
accuracy of 0.0005°C. Unaffected by atmospheric 
pressure, contamination-free, easy and convenient 
to use. Just 17" high, 8” diameter. 


This new laboratory standard estab- 
lishes the precise point, 0.01°C, 
where ice, water, and water vapor 
coexist in equilibrium. The refer- 
ence temperature point produced 
by the Equiphase Cell is accurate 
within 0.0005°C and may be quickly 
established with a minimum of 
technique or set-up. 

The Equiphase Cell’s accuracy 
cannot be easily duplicated with 
an ice bath. The triple-point-of- 
water is a physical constant — so 
precisely reproducible that it has 
been recently designated as a de- 
fining fixed point for the Inter- 
national Practical Temperature 
Scale of 1948 by .the General Con- 
ference on Weights and Measures. 
Reliability? Ease of 
use? Reasonable price? 
You get all these as 
well, But even more 
important — if you 
must have accuracy, 
this must be your stan- 
dard. 

Please write today for 
complete information. 


To put the sure in measurement 


TRANS- SONICS, INC. 


BURLINGTON, MASSACHUSETTS 
1254 





Accelerators, Electron 


High Voltage Engineering Cor, 


1960: 28 Oct. 1220 

1961: 20 Jan., 162; 24 Feb., 548; 24 
Mar., 846; 28 Apr., 1324; 19 May, 1556; 
28 July, 248; 5 Aug., 438; 22 Sept., 800 
Radiation Dynamics, Inc. 

1960: 21 Oct., 1047 

1961: 24 Mar., 812 
Accelerators, Positive Ion 
High Voltage Engineering Corp. 

1961: 20 Jan., 162; 18 Aug., 438 


Radiation Dynamics, Inc. 
1960: 21 Oct., 1047 
Air Pollution Test Equipment 
Central Scientific Co. 
1961: 24 Mar., 791 
Amino Acid Analyzers 


Beckman Instruments, Inc., Spinco Div. 


1960: 14 Oct., IFC 

1961: 24 Feb., IFC; 12 May, IFC; 14 
July, IFC; 11 Aug., IFC 
Phoenix Precision Instrument Co. 

1960: 21 Oct., 1180; 11 Nov., 1432; 2 
Dec., 1690 

1961: 17 Feb., 536; 24 Mar., 816; 21 
Apr., 1292; 19 May, 1656; 16 June, 1964; 
18 Aug., 502 
Research Specialties Co. 

1961: 3 Mar., 656 


Technician Chromatography Corp. 
1961: 20 Jan., 221; 21 July, 226 


| Amplifiers 


American Electronic Laboratories, Inc. 
1961: 17 Feb., 513 
Argonaut Associates 
1961: 20 Jan., 214 
Baird-Atomic, Inc. 
1960: 2 Dec., 1613 
1961: 20 Jan., 139 
Beckman Instruments, Inc 
Process Instruments Div. 


, Scientific and 








1960: 23 Dec., 1900 
1961: 17 Mar., 768; 9 June, 1836 
Decker Corp. 
1961: 24 Mar., 787 
Philbrick, George A., Researches, Inc. 
1961: 18 Aug., 478 
Sanborn Co. 
1961: 17 Feb., 414; 29 Sept., IFC 
| 
| Animal Food 
Staley, A. E., Mfg. Co. 
1961: 27 Jan., 247; 24 Feb., 589; 21 
Apr., 1288; 19 May, 1658; 16 June, 1938; 
14 July, 115; 11 Aug., 397; 29 Sept., 909 


Animals, Laboratory 


Charles River Breeding Laboratories 
1960: 7 Oct., 974 
Sprague-Dawley, Inc. 
1960: 2 Dec., 1714; 9 Dec., 
1961: 13 Jan., 111 


1846 


Atomic Absorption Photometers 


Engis Equipment Co. 
1960: 21 Oct., 1173 
1961: 7 July, 63 








Balances, Analytical 


Ainsworth, Wm., & Sons, Inc. 
1961: 20 Jan., 201; 24 Mar., 911; 19 
May, 1635 
Brinkmann Instruments, Inc. 
1960: 7- Oct, Sits Zt Oct, 
1961: 17 Feb., 419 
Burrell Corp. 
1961: 22 Sept., 881 
Exact Weight Scale Co. 
1961: 21 July, 223 
Harshaw Scientific Co. 
1960: 18 Nov., 1503 
Mettler Instrument Corp. 


1119 


1960: 21 Oct., 1081; 2 Dec., 1612 
1961: 24 Mar., 931; 21 Apr., 1188; 21 
July, 152 


Sauter, August, of New York, Inc. 

1960: 21 Oct., 1181 

1961: 17 Feb., 530; 21 Apr., 1288 
Scientific Products, Div. of American Hos- 
pital Supply Corp. 

1961: 22 Sept., 776 
Stoelting, C. H., Co. 

1960: 21 Oct., 1203 


1961: 6 Jan., 55; 24 Mar., 931; 22 Sept., 
863 
Torsion Balance Co. 

1960: 21 Oct., 1065; 11 Nov., 1343 


1961: 24 Mar., 833; 21 Apr., 1163; 22 


Sept., 755 

Will Corp. 
1960: 11 Nov., 1411 
1961: 21 Apr., 1275 


Balances, Analytical, Micro 


Mettler Instrument Corp. 
1961: 20 Jan., 155 

Sauter, August, of New York, Inc. 
1960: 2 Dec., 1692 
1961: 24 Mar., 902 


Balances, Animal 


Aloe Scientific 
1961: 16 June, 1963 
Exact Weight Scale Co. 
1960: 21 Oct., 1161; 2 
1961: 17 Feb., 523; 
July, 223; 22 Sept., 891 


sven July; 229 


Dec., 1674 
19 May, 1616; 21 


Balances, Micro Torque 


Brinkmann Instruments, Inc. 
1960: 28 Oct., 1263 


1961: 24 Mar., 914; 22 Sept., 859 


Balances, Prescription 


Harshaw Scientific Co. 

1961: 24 Mar., 952; 21 Apr., 
Torsion Balance Co. 

1961: 20 Jan., 137; 24 Mar., 
Apr., 1163; 19 May, 1509; 21 July, 


1284 


833; 21 
143 


Balances, Trip 


Ohaus Scale Corp. 
1961: 22 Sept., 894 


Balances, Triple Beam 


Ohaus Scale Corp. 
1961: 22 Sept., 894 

Welch, W. M., Scientific Co. 
1960: 28 Oct., 1267; 4 Nov., 
1961: 3 Feb., 341; 


1321 
5 May, 1433 
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Bal 
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Bin 
Ed 
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Wil 


Blo 





Balances, Vacuum 


Ainsworth, Wm., & Sons, Inc. 
1961: 21 July, 217 


Batteries, Instrument 


Esse Radio Co. 
1960: 2 Dec., 1714 


Beakers, Plastic 


Nagle Co., Inc. 
1961: 20 Jan., 231 


Binoculars 


Edmund Scientific Co. 

1960: 21 Oct., 1078; 11 Nov., BC; 2 
Dec., BC 

1961: 20. Jan., 151; I? Fes.:, 410; 21 
Apr., 1186; 21 July, 201; 18 Aug., 434; 
22 Sept., 781 


Blenders 


Waring Products Corp. 

1960: 11 Nov., 136; 2 Dec., 1677 

1961: 21 Apr., 1177; 19 May, 1541; 16 
June, 1865; 18 Aug., 433; 22 Sept., 775 
Will Corp. 

1961: 10 Mar., 716 


Blood Cell Counters 


Coulter Electronics, Inc. 

1961: 24 Mar., 958 
Sanborn Co. 

1961: 20 Jan., 159; 24 Mar., 821; 12 
May, IBC; 7 July, 6; 1 Sept., 621 


Bombs, Combustion 


Parr Instrument Co. 
1961: 22 Sept., 856 


Books and Journals, Scientific 


Academic Press 

1960: 2 Dec., 1706 

1961: 24 Mar., 908; 21 Apr., 1228, 1229 
Addison-Wesley Publishing Co., Inc. 

1960: 2 Dec., 1680 

1961: 8 Sept., 680 
Annual Reviews, Inc. 

1960: 7 Oct., 972; 21 Oct., 1203; 4 Nov., 
1328; 2 Dec., 1705 

1961: 13 Jan., 113; 17 Feb., 491; 21 
Apr., 1273; 16 June, 1933; 18 Aug., 486 
Artia 

1960: 9 Dec., 1772 
Basic Books, Inc. 

1960: 7 Oct., 916 

1961: 6 Oct., 1014 
Burgess Publishing Co. 

1960: 21 Oct., 1152; 2 Dec., 1699 

1961: 17 Feb., 494; 21 Apr., 1267; 25 
Aug., 567 
Cambridge University Press 

1961: 21 Apr., 1265 
Columbia University Press 

1961: 21 Apr., 1260; 7 July, 62; 14 July, 
114 
Davis, F. A., Co. 

1961: 21 Apr., 1268; 22 Sept., 853 
Doubleday & Co., Inc. 

1961: 21 Apr., 1181 
Dover Publications 

1961: 5 May, 1388 
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Obtaining reliable, precise data in radiation studies. For details ask for Data File E29-101. 





Precision to better than + 0.5% S.D. in radioactivity 
measurements, 


4 





APPLIED PHYSICS CORPORATION 


Mi 
INSTRUMENTS 








Elsevier Publishing Co. 
1961: 20 Jan., 208 
Harper & Brothers 
1960: 16 Dec., 1846 
Harvard University Press 
1961: 17 Feb., 497; 26 May, 1670 
Institute for Scientific Information 
1960: 4 Nov., 1326 
1961: 21 Apr., 1176; 16 June, 1956; 21 
July, 220; 18 Aug., 504; 22 Sept., 886 
Interscience Publishers, Inc. 
1961: 21 Apr., 1293 
Johns Hopkins Press 
1961: 21 Apr., 1263 
Lea & Febiger 
1960: 2 Dec., 1677 
1961: 21 Apr., 1171 


Library of Science 
1960: 14 Oct., 985 
1961: 27 Jan., 246 

Little Brown and Co. 
1961: 21 Apr., 1270 

Matheson Co., Inc. 
1961: 17 Feb., 427 

McGraw-Hill Book Co. 
1961: 3 Mar., 609; 7 Apr., 1040 

Merck Co., Inc. 

1960: 11 Nov., 1406 

Mosby, C.:V., Co. 


National Academy of Sciences 
Research Council 
1961: 3 Feb., 338; 21 Apr., 1259 





1961: 17 Feb., 522; 24 Mar., 902; 21 
Apr., 1230; 5 May, 1435; 19 May, 1613 
National 








Announcing the new compact... 


GAMMACORD 
" AtOMaAluin 


oe The first analytical 
counting and computing 
system for routine 
measurements of all 
gamma ray samples 





APPLICATIONS 


FEATURES 


Complete System 

Fully Transistorized 

Automatic Background Subtract 
Automatic Normalization 
Permanent Calibration 
Compact-Bench Top 

Simple to Operate 

Activation Fast 


Tracers Accurate 
Water, Soil, Filters, Foils 


Designed and manufactured by: 
ALOmUM. 


Affiliate of PERKIN-ELMER 


Medical-Physiological 

In Vitro Thyroid Function (T-3) 

Excretion, Circulation, Dilution 
Measurements 

Biochemical Metabolism 


Analytical Procedures 


940 Main Street, Waltham 54, Massachusetts/Tel. TW 4-6900, CABLE—ATOMIUM 
WEST COAST OFFICE/ 1929 Irving Street, San Francisco 22, California 
International Branch/27 Alkmaarsestraat, Scheveningen, Holland/Tel. (070)550621 


For further information write Dept. 70€ 


* trademark 











1256 : 








Natural History Book Club 

1961: 24 Feb., 547 
Oxford University Press 

1960: 2 Dec., 1692 

1961: 17 Feb., 500; 21 Apr., 1282 
Pergamon Press 

1960: 21 Oct., 1154 

1961: 17 Feb., 503; 24 Mar., 956; 21 
Apr., 1307: 

Philosophical Library 

1960: 14 Oct., 1023; 21 Oct., 1158; 4 
Nov., 1325 
Prentice-Hall, Inc. 

1961: 21 Apr., 1187 
Princeton University Press 

1961: 3 Mar., 654 
Reinhold Publishing Corp. 

1961: 10 Mar., 669; 21 Apr., 1159 
Rockefeller Institute Press 

1960: 18 Nov., 1506 
Ronald Press Co. 

1960: 21 Oct., 1168 

196T: “13.-3ane T1d2. 17. Mar, Prep Ze 
Apr., 1286; 16 June, 1942 
Rutgers University Press 

1961: 6 Oct., 1025 
Saunders, W. B., Co. 

1960: 7 Oct., 1A; 4 Nov., 1A; 2 Dec., 1A . 

1961: 13 Jan., 1A; 10 Feb., 1A; 10 Mar., 
1A; 7 Apr., 1A; 14 Apr., 1098; 21 Apr., 
1A; 28 Apr., 1322; 5 May, 1A; 12 May, 
1451; 19 May, 1A; 26 May, 1668; 2 June, 
1A; 14 July, 1A; 11 Aug., 1A; 8 Sept., 
1A; 6 Oct., 1A 
Springer-Verlag 

1961: 21 Apr., 1281; 29 Sept., 906 
Stanford University Press 

1961: 21 Apr., 1274 
University of Chicago Press 

1960: 25 Nov., 1518 

1961: 21 Apr., 1175; 28 Apr., 1374 
University of Michigan Press 

1960: 18 Nov., 1452; 2 Dec., 1717 

1961: 6 Jan., 7; 15 Sept., 695 
University of Wisconsin Press 

1961: 21 Apr., 1276 
Van Nostrand, D., Co., Inc. 

1960: 7 Oct., 921; 28 Oct., 1219 
Wesleyan University Press 

1960: 7 Oct., 971 

1961: 29 Sept., 957 
Wiley, John, & Sons, Inc. 

1960: 14 Oct., 1019; 2 Dec., 1584 

1961: 10 Feb., 352; 10 Mar., IBC; 21 
Apr., 1152, 1153; 26 May, 1723 
Williams & Wilkins Co. 

1961: 20 Jan., 126; 17 Feb., 412; 24 
Mar., 810; 21 Apr., 1192, 1193; 22 Sept., 
788 
Year Book Medical Publishers Inc. 

1961: 21 Apr., 1254 


Borers, Cork 


Sargent, E. H., & Co. 
1961: 22 Sept., 794 


Bottles, Plastic 


Nalge Co., Inc. 

1960: 2 Dec., 1596; 23 Dec., 1898 

1961: 17 Feb., 490; 21 Apr., 1266; 19 
May, 1622; 21 July, 218; 22 Sept., 870 


Burettes, Automatic 


Kimble Glass Co. 
1961: 24 Mar., 803 

Sargent, E. H., & Co. 
1960; 2 Dec., 1590 
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GLASS ABSORPTION 
PRESSURE-COMPENSATED CELLS = KLETT 
































4 
 Accurate—regardless of 
back-pressure. 
e Wide Range of Calibra- 
tions—from 0 to 5 L.p.m. 
up to 10-80 cu.ft. per 
hr. and in increments 
from %-l.p.m. to 10 cu. 
ft. per hr. 
21 The Ohio Pressure-Compensated Flow- 
meter is a rugged, trouble-free unit. It 
is ideal for laboratory use. Models avail- 
able for oxygen, argon, carbon dioxide, 
helium and compressed air service. 
1A 
ar., 
pr., For additional information request Bul- ; SCIENTIFIC APPARATUS 
fay, letin No. 2453A from Dept. No. S-10. Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
ine, Bio-Colorimeters — Comparators — Glass Stand- 
>pt., <tr ards—Klett Reagents. 


Okeo Chemical Klett Manufacturing Co. 


OHIO CHEMICAL & SURGICAL EQUIPMENT CO., MADISON, WIS.; OHIO CHEMICAL PACIFIC CO., 179 East 87 Street, New York, New York 
BERKELEY, CALIF; OHIO CHEMICAL CANADA LIMITED, TORONTO, CANADA; AIRCO COMPANY 
INTERNATIONAL, NEW YORK CITY (Divisions or Subsidiaries of Air Reduction Company, Inc.) 




















from Percival... 


COMPACT PLANT 
1 7 GROWTH LAB 


for controlled climate needs 


Model PGC-78—A completely-assembled, self- 
contained unit ready to plug in. Maximum 


yept., 


growth area. Minimum floor space. Com- 
pletely portable. Offers: 


HIGH LIGHT INTENSITY: May be varied from 
5,000 down to 200 ft. candies. Three simul- 
taneous light intensities are possible by 
adjusting sectional work tray. 


FLEXIBILITY: Reproduces climatic require- 


ments from 45° F to 90° F, and any photo ~~ 
period desired. Photo periods and temper- i Ss e i LARGE WALK-IN MODEL 
ature programmed and automatically con- : fi i-—@ : ALSO AVAILABLE 

& 





trolled. 
ECONOMY: Low initial cost. Low operating 


e cost. : 
5; 19 4 COMPACT MODEL PGC-78. 
10 Write today for further information. HAS OBSERVATION WINDOW IN DOOR. 


PERCIVAL fine UL ec 
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The first major breakthrough in a moderately priced neutron generator 
specifically designed for activation analysis in industrial applications. 


Output 10'° 14 mev n°/sec Available flux at target 1.5x10° n°/cm?/sec 


KAMAN NUCLEAR 


See Booth 220 Atom Fair ’61 
Garden of the Gods Road, Colorado Springs, Colo. + MEIrose 4-2826 


FOR DETAILED 
INFORMATION 
WRITE OR CALL 








now, at low cost, the new ASCO “50” enables you tu 
compare your present processing costs with those of 
giambetsien: .  exvetbeasdechetle ia 


| Fields of investigation heretofore made prohibitive 
hundreds & 








through use of highly expensive investigative tech- 
niques can now be explored with this simple-to- 
operate molecular still. Since the ‘‘50” still is the 
laboratory counterpart of the large commercial 
Rota-Film Still, results obtained may be duplicated 
on a commercial scale of any magnitude. 


With this simple-to-operate still you may... 

e explore falling agitated film evaporation and dis- 
tillation distill materials with molecular weights 
ranging from 200 to 1250 weight (hydrocarbons) 
and some materials to 4090 molecular weight 
(silicones and halocarbons) © deglycerinate and 
distill mixtures of mono-, di- and tri-glycerides 
e distill tall oil © distill paraffin from slack wax or 


complete 
for only 


*50” petroleum residue © deodorize oils © remove color 

ROTA- ‘| 91 00 bodies from materials of high molecular weights. 
FEATURES 

FILM 


e Batches from 10 ml to 20 liters 

e Vacuum range from atmospheric to 1 micron Hg. 
e Temperature range to 450°C. 

© Teflon or carbon rotor-wiper blades 


© Stainless-steel (18-8 type 304) wiper-holders 
4 (Available with Hastelloy B) 


e Continuous or batch feed 


e All parts made of glass except wiper-holders 
and top plate 


+ 
write for 
free folder 


als e UNITSMAY BECOUPLED FORFRACTIONATION. 
clo ARTHUR F. SMITH, INC. » 311 ALEXANDER ST., ROCHESTER 4, N. Y. 
1258 





Burettes. Micru 


Greiner, Emil, Co. 
1960: 21 Oct., 1180 


Burettes, Multiple Column 


Buchler Instruments, Inc. 
1960: 21 Oct., 1183; 2 Dec., 1600 


Burners, Glass Blowing 


Bethlehem Apparatus Co., Inc. 
1960: 11 Nov., 1422 


Burners, Laboratory 


LABASCO 
1961: 24 Mar., 819 


Cages, Dog and Primate 


Harford Metal Products 
1961: 6 Oct., 1022 
Kirschner Manufacturing Co. 
1960: 21 Oct., 1199; 11 Nov., 1419; 2 
Dec., 1691 
1961: 21 July, 219 
Porter Mathews Co., Inc. 
1961: 7 July, 8 


Cages, Dog and Primate, Plastic 


Aloe Scientific 

1961: 21 July, 229 
Kirschner Manufacturing Co. 

1960: 21 Oct., 1199; 11 Nov., 1419; 2 
Dec., 1691 

1961: 20 Jan., 207; 31 Mar., 1025; 19 
May, 1655; 16 June, 1936; 21 July, 219; 
22 Sept., 871 


Cages, Metabolism 


Delmar Scientific Laboratories 
1961: 17 Feb., 534; 21 Apr., 1278 


Cages, Small Animal, Metal 


Aloe Scientific 
1961: 16 June, 1963 
Harford Metal Products 
1961: 6 Oct., 1022 
Porter Mathews Co., Inc. 
1961: 7 July, 8 
Will Corp. 
1961: 16 June, 1933 


Cages, Small Animal, Plastic 


Aloe Scientific 

1960: 11 Nov., 1417; 2 Dec., 1709 

1961: 16 June, 1963; 21 July, 229 
Keystone Plastics Co. 

1961: 17 Feb., 494; 24 Mar., 898; 2 
Apr., 1267; 19 May, 1624 
Labline, Inc. 

1961: 20 Jan., 233; 17 Feb., 504; 21 
Apr., 1287; 19 May, 1631; 15 Sept., 756 
Maryland Plastics, Inc. 

1960: 21 Oct., 1087 

1961: 17 Feb., 535; 24 Mar., 960; 21 
Apr., 1302; 19 May, 1514; 22 Sept., 768 


— 


Calorimeters 


Parr Instrument Co. 
1960: 21 Oct., 1184 
1961: 20 Jan., 206; 19 May, 1610 
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Capacitance Measuring Equipment 


Decker Corp. 
1961: 24 Mar., 786 


Carbon Hydrogen Analyzers 


Coleman Instruments, Inc. 
1961: 17 Feb., 422; 19 May, 1546 


Carbon Sulphur Analyzers 


Lindberg Engineering Co. 
1961: 19 May, 1618 


Cardiotachometers 


Gilford Instrument Laboratories, Inc. 
1961: 22 Sept., 879 


Carts, Laboratory 


Harshaw Chemical Co. 
1961: 26 May, 1720 


Catalogs, Laboratory Equipment 


Cole-Parmer Instrument & Equipment Co. 
1961: 19 May, 1628; 16 June, 1951 
Labline, Inc. 
1961: 24 Mar., 902; 22 Sept., 850 
LaPine Scientific Co. 
1961: 22 Sept., 876 
Matheson Coleman & Bell 
1961: 16 June, 1874; 21 July, 200 
New York Laboratory Supply Co., Inc 
1961: 3 Feb., 336 
Sargent, E. H., & Co. 
1961: 21 Apr., 1169; 19 May, 1543; 18 
Aug., 421 
Thomas, Arthur H., Co. 
1961: 13 Jan., BC; 24 Mar., BC 
Will Corp. 
1961: 19 May, 1644 


Cells, Absorption 


Beckman Instruments, Inc., Scientific and 
Process Instruments Div. 

1961: 26 May, 1672 
Klett Manufacturing Co. 

1960: 7 Oct, 975: 14 Ger, 1022; 21 
Oct., 1152; 28 Oct., 1265; 4 Nov., 1328; 
11 Nov., 1427; 18 Nov., 1505; 2 Dec., 
1703; 9 Dec. 17793: 26.38e.; 1848; : 23 
Dec., 1901; 30 Dec., 1946 

['967::.6‘Jan., S4¢13; dan: tiv: 20 Tan., 
215; 27 Jan., 287; 3 Feb., 338; 10 Feb., 
390; 17 Feb., 532; 24 Feb., 596; 3 Mar., 
652; 10 Mar., 715; 17 Mar., 773; 24 Mar., 
920; 31 Mar., 1025; 7 Apr., 1088; 14 Apr., 
1141; 21 Apr., 1294; 28 Apr., 1371; 12 
May, 1497; 19 May, 1637; 26 May, 1721; 
2 June, 1776; 9 June, 1839; 16 June, 1949; 
23 June, 2023; 30 June, 2073; 7 July, 64; 
14 July, 116; 21 July, 289; 4 Aug. 347; 
11 Aug., 398; 18 Aug., 507; 1 Sept., 625; 
15 Sept., 745; 22 Sept., 852; 29 Sept., 953 


Cells, Spectrophotometer 


Brinkmann Instruments, Inc. 
1961: 3 Feb., 340 - 


Centrifuges, Analytical (Student) 


Clay-Adams 
1961: 20 Jan., 161; 3 Mar., 607 
International Equipment Co. 
1961: 24 Mar., 826 
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OFFERS YOU AN 
ELECTRONIC SQUARE WAVE 


SPInS= 2: -~ 27: 
wid MULAIUK 


FOR EVERY PURPOSE 
FOR EVERY PRICE RANGE 


Study the brief summaries below of the complete line of quality AEL Electronic 
Square Wave Stimulators designed to meet every requirement of classroom and 
research laboratory use. You will find the Stimulator that will meet both your 
budget and technical requirements. AEL Stimulators come to you with a background 
covering thousands of hours of classroom and laboratory operation. 


model 198 . 
CLASSROOM AND en LABORATORY USE 
A many-purpose . yet inexpensive unit, designed 


for both classroom and research laboratory use. 
Undergraduate students find it particularly desirable 
because of its simple-to-operate controls. However, 
the ranges of variable stimulus, output and dura- 
tion also make the ‘198’ attractive for research 
laboratory use. Produces recurrent or single stimuli. 
Versatility provided through continuously variable 
controls. Offers sync-pulse of 10 volts amplitude 
for use with cathode ray oscilloscopes. 


model 151. 

CLASSROOM AND ‘sietanen LABORATORY USE 
Performance- “proven over years of service, the 
"751" offers stepped controls of frequency and 
duration that permit exact resetting in conducting 
consistent, repeatable experiments. Straightforward 
control operation and a wide range of variables 
make this unit ideal for both student and research 
laboratory use. Pulse pairs are obtained by com- 
bining two Model 751’s with a Model 951 Dual- 
pulse Synchronizer, making it possible to study the 
refractory cycle of such tissue as nerve, striated 
muscle and cardiac muscle. A signal magnet output 
is also provided. 


model 404 . 

ALL-PURPOSE RESEARCH LABORATORY USE 
Designed for the physiology laboratory, the ‘404’ 
provides a bp variety of stimuli. The five modes 
of operation include . . . SING 

REPETITIVE. STIMULAT 10N SINGLE PAIR OF 
STIMULI REPETITIVE PAIRS OF STIMULI .. . 
DIRECT CURRENT STIMULATION. Trains of pulses 
are produced by coupling two Model 404’s. Output: 
60 ma at 150V or 9 watts. Stimulus Intensity: 1 
millivolt to 150 volts. Stimulus Duration: 10 micro- 
seconds to 1 second. Delay: Adjustable from 10 
microseconds to 1 second. Stimulus Frequency: 1 
every second to 10,000/second. 


model 104-A.. . $550. 

THE ULTIMATE N RESEARCH LABORATORY USE 

An extremely accurate, all-purpose stimulator, the 
‘104-A” is designed specifically for the most ex- 

acting research laboratory use. Six modes of opera- 


ve include = . SINGLE SHOCKS . REPETITIVE 
STIMULATION SINGLE PAIRS OF STIMULI . . 
gp EL PAIRS. ae STIMULI . SINGLE TRAINS 
OF STI REPETITIVE TRAINS OF STIMULI. 


Utilising a0. turn linear helipots which are resettable 
to 0.1 percent, the ‘‘104-A” is accurate within five 
percent across the dial . . . in all ranges. It 
produces trains of pulses, can be externally or 
remotely driven and has a 250 volt output. 





ACCESSORIES FOR USE WITH MODEL 104-A & 404 STIMULATORS 
STIMULUS ISOLATION UNIT... PHOTIC STIMULUS ACCESSORY 
model 112 . . . - model 127 


Provides the means of isolatin Provides a source of short dur- 





a stimulator pulse from groun ation light flashes at three 

reference to reduce ground loop different intensities and at rep- 

artifacts. etition rates controlled by the 
stimulator. 





Write for detailed literature on each of the above instru- us vend wasn 
ments and accessories. Send your request, plus any other pthge iw ag 
information that you may desire, to . . . 











4& merican KEStectronic Kasaboratories, inc. 








RICHARDSON ROAD, COLMAR, PENNA. 
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1 Sheets on 
Selectacel 


ION EXCHANGE 
CELLULOSES 


for use in 
chromatographic columns 


New Selectacel Ion Exchange Cellu- 
loses have remarkable properties 
when used with ionic and colloidal 
materials of high molecular weight. 


Such applications include — 


@ ENZYMES © LIPIDS 
© PROTEINS @ NUCLEIC 
@ HORMONES ACIDS 


These materials produce separations 
that far exceed what usually can be 
accomplished alone by ion exchange 
resins, chromatography, electro- 
chromatography, or electrophoresis. 


There are several kinds of 
Selectacel lon Exchange Celluloses: 


ANION EXCHANGERS 


Type Grade Capacity 

DEAE Standard meq/g 

(Diethy!. ; 20 0.9 
Cellulose) “0 


Separation and purification of proteins, 
peptides, enzymes, hormones and re- 
lated materials. 





Type Grade Capacity 
ECTEOLA | Standard | ™eq/é 
(Epichlorohydrin 20 0.3 
triethanolamine) 40 


Separation and purification of viruses. 


CATION EXCHANGERS 


Type Grade Capacity 
cM Standard | ™eq/e 
(Carboxymethy! 20 0.7 
Cellulose) 40 


Weakly acidic—most effective at pH’s 
slightly above 4. 


Type Grade Capacity 
Standard meq/g 
(Cellulose 0.9 
Phosphate) 








Bifunctional — containing both strongly 
acidic and weakly acidic groups. Rela- 
tively high exchange capacities. 


Send for these new free 
| Selectacel Reference 
Sheets today — no obli- 


MAIL gation of course. 
courpon --------- 1 
TODAY Carl Schleicher & Schuell Co. 


Keene, New Hampshire 
Department S-110 
Send FREE Selectacel Reference Sheets. 
NAME 
COMPANY 
| appress 
CITY. 











STATE. 


Selectacel is manufactured by Brown Compan: 
and exclusively packaged and distributed for 
laboratory use by S & S, 


—— eS 




















Centrifuges, Continuous Flow 


Lourdes Instrument Corp. 
1961: 17 Feb., 499; 21 Apr., 1291 
Sorvall, Ivan, Inc. 
1960: 11 Nov., 
1581 : 
1961: 17 Feb., 402; 24 Mar., 800 


1067; 2 Dec., 1580, 


Centrifuges, General Purpose 


Custom Scientific Instruments, Inc. 
1961: 18 Aug., 497 
International Equipment Co. 
1960: 21 Oct., 1049 
1961: 6 Jan., 10; 20 Jan., 145; 24 Mar., 
827; 28 July, 1A 
Lourdes Instrument Corp. 
1960: 7 Oct., 969; 21 Oct., 1155 
1961: 17 Feb., 499; 21 Apr., 1291 
Scientific Glass Apparatus Co., Inc. 
1960: 21 Oct., 1059 
Sorvall, Ivan, inc. 
1960: 21 Oct., 1066, 1067: 2 Dec., 1580 
1961: 17 Feb., 402; 24 Mar.. 800 


Centrifuges, Hematocrit 


Clay-Adams 

1961: 17 Feb., 437 
International Equipment Cc. 

1960: 11 Nov., 1340 

1961: 3 Mar., IBC; 24 Mar., 826; 8 
Sept., 632 


Centrifuges, Micro 


Beckman Instruments, Inc., Spinco Div. 
1961: 23 June, IFC; 8 Sept., IFC 
International Equipment Co. 
1961]: 8 Sept., 632 


Centrifuges, Refrigerated 


International Equipment Co. 
1960: 21 Oct., 1049; 11 Nov., 1341 
1961: 17 Feb., 428; 24 Mar., 827; 14 
Apr., 1099; 12 May, 1449; 9 June, 1791; 
23 June, 1977; 28 July, 1A; 25 Aug., 523; 
29 Sept., 907 
Lourdes Instrument Corp. 
1960: 21 Oct., 1155; 11 Nov., 1431 
1961: 17 Feb., 499; 21 Apr., 1291; 22 
Sept., 893 
Sorvall, Ivan, Inc. 
1960: 21 Oct., 1067; 2 Dec., 1581 
1967: 20 Jan., 142; 17 Feb., 402; 24 
Mar., 801; 19 May, 1606; 16 June, 1866 


Centrifuges, Super Speed 


International Equipment Co. 
1960: 11 Nov., 1341 
Lourdes Instrument Corp. 
1960: 21 Oct., 1155; 11 Nov., 1431 
1961: 22 Sept., 893 
Sorvall, Ivan, Inc. 
1960: 21 Oct., 1067 
1961: 17 Feb., 402; 24 Mar., 801; 19 
May, 1606 


Centrifuges, Ultra Speed 


Beckman Instruments, Inc., Spinco Div. 


1960: 28 ‘Oct., IFC; 9 Dec., TRE: 23 
Dec., IFC 
1961:. 13. 3an., IFC;:27 Tan., “IFC; 10 


Mar., IFC; 14 Apr., IFC; 9 June, IFC; 28 
July, IFC; 22 Sept., IFC 








Labconco 
lahoratory carts 





GLASSWARE CART—Cuts hours from 
the task of picking up, washing, drying 
and delivering glassware. Optional rub- 
ber-mounted drip pan helps keep floors 
dry, clean. Made of poly-vinyl covered 
wire, removable baskets are corrosion 
resistant, easy on glassware. 














PORTABLE TABLE—Ideal work bench. 
No guard rails to prevent easy transfer 
from bench top to cart. Like all Lab- 
conco Carts, frame is one-inch, seam- 
less steel tubing, welded into a single 
piece, then heavily nickel-plated. 








CHEMICAL CART—lIdeal for picking up 
and distributing samples, packages, 
glassware, equipment and instruments. 
Rolls freely in any direction. Com- 
pressed asbestos shelves, treated and 
—— withstand acids, caustics and 
stain. 


Ask your dealer about Labconco Labora- 
tory Carts—or write factory today for 
brochure describing 19 models of Carts. 


LABORATORY CONSTRUCTION CO. 


8811 Prospect Kansas City, Mo. 
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Centrifuges, Vacuum 


Lourdes Instrument Corp. 
1961: 24 Mar., 939; 19 May, 1657 


Charts, Biological 


Welch, W. M., Scientific Co. 
1960: 2 Dec., 1685 


1961: 3 Mar., 652; 1 Sept., 623 


Charts, Periodic Table 


Central Scientific Co. 
1961: 21 Apr., 1263 


Chemical Analyzers, Automatic 


Research Specialties Co. 
1961: 3 Mar., 656 
Technicon Chromatography Corp. 


1961: 20 Jan., 221; 17 Feb., 529; 24 
Mar., 905; 21 Apr., 1305; 16 June, 1961; 
22 Sept., 895 
Chemicals, Biological 
Applied Science Laboratories., Inc. 

1961: 22 Sept., 892 
Borden Chemical Co. 

1961: 24 Mar., 954; 28 Apr., 1376; 16 


June, 1958; 8 Sept., 682 
Colorado Serum Co. 





1961: 24 Mar., 941; 21 Apr., 1263; 11 
Aug., 400 
Eastern Chemical Corp. 

1960: 7 Oct., 971 

1961: 6 Oct., 1022 
General Biochemicals 

1961: 20 Jan., 156; 17 Feb., 417; 24 
Mar., 837; 21 Apr., 1182; 19 May, 1554; 
16 June, 1881; 21 July, 141 
Hyland Laboratories 

1961: 19 May, 1639; 16 June, 1948; 21 
July, 225; 18 Aug., 482 
Nutritional Biochemicals Corp. 

1960: 14 Oct., 1A; 28 Oct., 1A; 11 Nov., 
1A; 25 Nov., 1A; 2 Dec., 1A; 23 Dec., 1A 

1961: 6 Jan., 1A; 20 Jan., 1A; 3 Feb., 
1A; 17 Feb., 1A; 3 Mar., 1A; 17 Mar., 
1A; 31 Mar., 1A; 14 Apr., 1A; 28 Apr., 
1A; 12 May, 1A; 26 May, 1A; 9 June, 
1A; 23 June, 1A; 7 July, 3; 21 July, 1A; 
4 Aug., 1A; 18 Aug., 1A; 1 Sept., 1A; 15 
Sept., 1A; 29 Sept. 1A 
Pabst Laboratories 

1961: 20 Jan., 212; 17 Feb., 495; 24 
Mar., 899 
Pfanstiehl Laboratories, Inc. 

1961: 24 Mar., 936 
Schwarz BioResearch, Inc. 

1960: 21 Oct., 1169; 4 Nov., 1327; 2 | 
Dec., 1695 

1961: 6 Jan., 57; 20 Jan., 152; 3 Feb., 
337; 17 Feb., 435; 3 Mar., 604; 17 Mar., 
774; 7 Apr., 1041; 21 Apr., 1161; 5 May, 
1390; 26 May, 1718; 16 June, 1856; 21 
July, 235; 4 Aug., 301; 18 Aug., 411; 8 
Sept., 638; 15 Sept., 697; 22 Sept., 777 
Sigma Chemical Co. 

1960: 21 Oct., 1205; 11 Nov., 1426 

1961: 6 Jan., 51; 20-Jan., 227; 3 Mar., 
653; 31 Mar., 1025; 21 Apr., 1285; 19 
May, 1618; 16 June, 1946; 21 July, 211; 
22 Sept., 859 
Winthrop Laboratories 

1960: 25 Nov., 1566 

1961: 19 Feb., 390; 17 Mar., 773; 15 
Sept., 741 
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HR-92 X-Y¥ 


Clip-on pen — 
Interchangeable for 
multicolor traces 


Standard 81 x 11 paper 


Unconditionally guaranteed for one year. 






RUGGED “All Purpose”’ X-Y RECORDER 


The HR-92 is a null-seeking servo-type 
Cartesian coordinates on regular 84 
ventional chopper amplifiers, 2-phase m 


plotter designed to draw curves in 
x 11 graph paper. It employs con- 
otors and a potentiometer rebalance. 


Reference voltages are furnished by mercury cells. Control panel has zero 
set and continuously-variable attenuator for each axis. Separate standby 
and power switches are provided. The two axes are electrically and 
mechanically independent. By moving an internal jumper lead, a high im- 
pedance potentiometer input can be made available. 


4 


SPECIAL FEATURES: 
© Amplifiers easily removed if servicing ever becomes necessary. Electrical connec> 
tions all contained in two plugs for each amplifier. 


. sp amplifier channel (including transformer power supply) independent of rest 


= leb4 


2234 . 


Houston 27, Texas 


MO 7-7403 
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Worthington Biochemical Corp. 
1960: 4 Nov., 1322; 2 Dec., 1710 
1961: 24 Feb., 595; 24 Mar., 938; 28 
Apr., 1372; 26 May, 1674; 16 June, 1966; 
21 July, 228; 18 Aug., 510; 22 Sept., 860 


Chemicals. Organic 


Allied Chemical, General Chemical Div. 
1961: 24 Mar., 1A 
Baker, J. T., Chemical Co. 
1960: 21 Oct., 1085 
Eastern Chemical Corp. 
1960: 7 Oct., 971 
1961: 6 Oct., 1022 
Matheson Coleman & Bell 
1960: 21 Oct., 1174 
1961: 22 Sept., 764 


Chemicals, Radiation 


ChemTrac Corp. 

1961: 21 July, 204; 22 Sept., 848 
Isomet Corp. 

1961: 22 Sept., 889 
Isotopes Specialties Co. 

7960: 21 ‘Oct.,°1163; 2 Bec,, 1/17 
New England Nuclear Corp. 

1960: 7 Oct., 972; 21 Oct., 1151; 4 Nov., 
1329; 11 Nov., 1424; 9 Dec., 1779 

1961: 6 Jan., 48; 20 Jan., 235; 3 Feb., 
340; 17 Feb., 491; 24 Mar., 913; 14 Apr., 
Li41;: 28 Apr., 1374;. 28:Apr.,° 1377;. 5 
May, 1436; 26 May, 1721; 2 June, 1779; 
16 June, 1955; 30 June, 2073; 14 July, 
116; 28 July, 289; 11 Aug., 398; 1 Sept., 
681; 22 Sept., 1A; 29 Sept., 953; 6 Oct., 
1021 





Nuclear-Chicago Corp. 

1961: 10 Mar., BC 
Oak Ridge National Laboratory 

1960: 21 Oct., 1164; 4 Nov., 1325; 2 
Dec., 1678 

1961:::20 Jan., 225; 17° Feb., 5223.24 
Mar., 916; 21 Apr., 1260; 19 May, 1623; 
16 June, 1962; 14 July, 115; 18 Aug., 570; 
15 Sept., 742 
Picker X-Ray Corp. 

1961: 22 Sept., 790 
Pilot Chemicals Inc. 

1960: 21 Oct., 1195; 2 Dec., 1685 

1961: 20 Jan., 230; 19 May, 1646 
Radiochemical Centre 

1961: 6 Jan., 55; 3 Mar., 655; 28 Apr., 
1371; 23 June, Suly, 242; 15 
Sept., 745 
Schwarz BioResearch, Inc. 

1961203. 7 60., 337; 17. Mar., 774; 26 
May, 1718; 16 June, 1856 
Tracerlab, Inc. 

1961: 9 June, 1837; 11 Aug., 401 


Chemicals, Reagents 


Allied Chemical Corp., General Chemical 
Div. 

1960: 11 Nov., 1412; 2 Dec., 1676 

1961: 24 Mar., 783; 19 May, 1611, 1613, 
1615; 22 Sept., 773 
Baker, J. T., Chemical Co. 

1960: 21 Oct., 1085; 11 Nov., 1418; 2 
Dec., 1589 

1961: 20 Jan., 134; 17 Feb., 510; 24 
Mar., 795; 19 May, 1521; 16 June, 1934 
Burrell Corp. 

1961: 28 Apr., 1373 





Dupont, E. I., de Nemours & Co., Inc. 
1961: 17 Feb., 528; 24 Mar., 957; 21 
Apr., 1280; 19 May, 1632; 16 June, 1940; 
21 July 208; 18 Aug., 490; 22 Sept., 846; 
29 Sept., 956 
Eastern Chemical Corp. 
1961: 6 Oct., 1022 
Fisher Scientific Co. 
1961: 24 Mar., 843; 7 Apr., 1039; 5 
May, 1387; 9 June, 1789 
Hyland Laboratories 
1961: 21 Apr., 1272; 16 June, 1948; 21 
July, 225 
Mallinckrodt Chemical Works 
1960: 2 Dec., 1610, 1611 
Matheson Coleman & Bell 
1960: 21 Oct., 1174; 2 Dec., 1700 
1961: 17 Feb., 536; 24 Mar., 807; 19 
May, 1545; 16 June, 1874; 21 July, 200 
Research Specialties Co. 
1961: 7 Apr., 1086 


Chromatogram Scanners 


Atomic Accessories, Inc. 
1961: 16 June, 1852 
Forro Scientific Co. 
1961: 17 Feb., 505 
National Instrument Laboratories, Inc. 
1961: 21 July, 228 
Photovolt Corp. 
1961: 17 Feb., 509; 24 Mar., 901; 21 
Apr., 1267; 21 July, 205 
Picker X-Ray Corp. 
1961: 21 Apr., 1156 
Vanguard Instrument Co. 
1961: 17 Feb., 425; 21 Apr., 1168; 19 
May, 1528; 16 June, 1864; 1 Sept., IBC 



























“4 


bdification. 


+ 


w 
% 


be 
f NYaTioNaL [wsTRUMENT | ABORATORIES 


we 


N14. 
RIGGLE 





Photoclectric 


COUNTER 


"= designed by Grant C. Riggle 
© of National Institutes of Health 


ible to commercial fraction collectors with- 
p. diameter target area assures ‘'no-miss’ 
Hodjustment eliminated since no lens system 
g. blanking time as short as 0.5 milli- 


Hgtions produce no spurious counts. 
ably in refrigeration rooms. 


828 Evarts St. N.E. 
Washington, D. C. 


DROP 


110-120 V., 
Output: 


ratios: 











AC CONTROLLER and 
Matching DC MOTOR 


2T60 ELECTRONIC CONTROLLER 
with matching 1/50 H.P. DC MOTOR 





SPECIFICATIONS 


@ Thyraton tube operated controller 
gives stepless operation @ Input: 
60 cy. single phase © 
0-120 V., 
armature @ 1/50 H.P. ball bearing, 
right angle, gear head, shunt wound, 
DC motor @ Reversible @ Armature 
shaft is extended @ Armature speed 
0 to 4000 R.P.M. @ Motors in gear 
6, 18, 30, 36, 60, 100, 300, 
540, and 1120:1 in stock, 


GERALD K. HELLER CO. 


2673 South Western Street, Las Vegas, Nevada, P.O. Box 4426 


ELECTRONIC 
VARIABLE-SPEED 







*$ 


Complete, F.O.B., 
Las Vegas, 
Nevada 


200 ma. DC to 


‘Other models to 
3/4 H.P. motors 
available. 
Request data, 
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PRICE REDUCTIONS 


We are pleased to announce reduced prices for 
the following highly purified coenzymes prepared 
by Pabst Laboratories. 


Cat. No. Coenzyme Pkg. Size Price 





900 TRIPHOSPHOPYRIDINE 25 mg. $ 6.00 
NUCLEOTIDE 100 mg. TS75 

TPN 500 mg. 62.50 

2 ¢. 100.00 

300 DIPHOSPHOPYRIDINE 200 mg. 5.50 
NUCLEOTIDE 500 mg. 9.00 

DPN 1g. 11.30 

> 9. 51.00 

2200 DIPHOSPHOPYRIDINE 100 mg. 4.90 
NUCLEOTIDE, REDUCED 509 mg 15.80 
DPNH 1g. 25.40 


Prices include delivery to destination via air mail 


Complete Specifications given in PABST CIRCULAR OR-17 





These savings were made possible by your confi- 
dence in the high quality and reliability of Pabst 
NUCLEOTIDES and COENZYMES. Increased de- 
mand for these important biochemical compounds 
plus improvements in processing created savings 


which we are pleased to pass on to you. 





Now Available for Distribution 


ULTRAVIOLET ABSORPTION SPECTRA OF PYRIDINE 
NUCLEOTIDE COENZYMES AND COENZYME ANALOGS 


Write for Circular OR-18 











WORLD LEADER IN COENZYME-A AND 5'-NUCLEOTIDES 








—*- PABST LABORATORIE S* =e 

‘ Division of Pabst Brewing Compony os 
1037 W. McKinley Avenue — 
MILWAUKEE 5S, WISCONSIN — 
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KRYOMAT 


LOW TEMPERATURE CIRCULATORS 


TABLE MODEL TO =30° Cc 


CONSOLE MODELS TO -80°C 











= writes 


| width: 171/2” 
depth: 191/2” 
height: 30” 

















Introducing the world’s first table model 
Kryomats for low temperature control—offered 
in two models. Range from -++20 to —30°C. 


A separate line of instruments, Ultra Kryostats, 
for variable control or measurements between 
+40 and —80°C, are also available. Air or 
water cooling, built-in timer and accuracy to 
+0.02°C are just a few of the many outstand- 
ing features of these instruments. 

Most important is the unique and exclusive use 
of a secondary cooling system instead of con- 
ventional compensating heaters. 


for all your temperature control problems 
between—80°C and+3800°C, contact: 


auda Instruments, Inc. 
P.O. Box 422 Great Neck, N.Y. 
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The all-new, 
all solid-state 
Philbrick 


P2 amplifier 





NO TUBES, NO CHOPPERS, NOTH- 
ING BUT PERFORMANCE. An 
ingenious arrangement of all 
solid-state components endows 
this operational amplifier with : 
the most remarkable and ver- | 
satile characteristics. Full differ- 
ential input: truly floating with 
respect to ground. No common 4 
mode error. Low input current: # 
typically 10-11 amps. Low 
noise: typically under 10 micro- 
volts in the dc to 1 ke range. 
Sub millivolt long term stability: 
less than 100 microvolts drift 
per day. Cool running: typically 
under 330 milliwatt dissipation. “ 
Wide band pass: typically under = 
75 ke as a unity gain follower. 
High open loop gain: typically 
30,000. Its output delivers 1 ma 
at + 10 volts. The cast alu-  § 
minum housing fits right in | 
your hand. ; 
Use the P2 for instrumenta- 
tion, analog computation, and 
other applications requiring 
high reliability and accuracy. 
Take advantage of its differen- 
tial inputs to perform high 


impedance operations. $210 
. 


Truly low cost: : 
) .SOLID STATE POWER SUPPLY | 
5 PR150. For energizing at least 
” 10 P2amplifiers, the PR 150 has 
extremely low noise, drift, and 
internal impedance. Regula- 
i tion against load, less than 300 
microvolts. It provides up to 
§ 150 maat both plus and 
: minus 15 et Price: 9200. 
i Please write for further information 
: 








BE BEES 








‘ to: 
: ~~ 
\ ; 
a yy — — 4 
rs SO a 
GEORGE A. ys 


PHILBRICK 


RESEARCHES, INC. 


127 CLARENDON ST. BOSTON 16, MASS. 
COMMONWEALTH 6-5378, TWX; BS 1032, FAX; BSN 
REPRESENTATIVES IN PRINCIPAL CITIES 
EXPORT OFFICE; 240 W. 17TH ST., N.Y. 11, Ne Vs 
TEL. CHELSEA 3-5200, CABLE; TRILRUSH 
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Chromatographs, Column Packing 


Johns-Manville 
1961: 21 Apr., 1166; 19 May, 1512; 16 
June, 1859; 22 Sept., 796 


Chromatographs, Gas 


Barber-Colman Co., Industrial Instruments 
Div. 

1960: 21 QOct., 1960; 16 Dec., 1A 
Beckman Instruments, Inc., Scientific and 
Process Instruments Div. 

1960: 2 Dec., 1604 

1961: 10 Feb., 353; 24 Feb., 546; 14 
Apr., 1102; 16 June, 1877; 18 Aug., 505; 
29 Sept., 911 
Burrell Corp. 

1961: 24 Feb., 592; 24 Mar., 932 
Central Scientific Co. 

1960: 7 Oct., 973; 2 Dec., 1717 

1961: 10 Mar., 716 
Fisher Scientific Co. 

1961: 24 Mar., 843 
F & M Scientific Corp. 


1960: 21 Oct.,:1058; 11 Nov., 1346; 2 
Dec., 1603 
1961: 20 Jan., 143; 17 Feb., 433; 24 


Mar., 802; 21 Apr., 1160; 19 May, 1544; 
16 June, 1848; 21 July, 130; 18 Aug., 416; 
22 Sept., 770 
Gow-Mac Instrument Co. 

1961: 21 July, 202 
Nester & Faust 

1961: 22 Sept., 866 
Perkin-Elmer Corp. 

1960: 2 Dec., 1576 

1961: 27 Jan., 244 
Precision Scientific Co. 

1961: 19 May, 1531; 16 June, 1871; 21 
July, 151; 18 Aug., 427 
Research Specialties Co. 

1960: 2 Dec., 1718; 30 Dec., 1948 

1961: 20 Jan., 234 
Scientific Glass Apparatus Co., Inc. 

1961: 21 Apr., 1304; 19 May, 1506 
Standard Scientific Supply Corp. 

1961: 18 Aug., 480 


Chromatographs, Liquid 


Brinkmann Instruments, Inc. 
1960: 25 Nov., 1565 
1961: 20 Jan., 219; 19 May, 1532 
Buchler Instruments, Inc. 
1961: 21 July, 219; 22 Sept., 762; 6 
Oct., 1018 
Gilford Instrument Laboratories, Inc. 
1961: 6 Oct., 1022 
Gilson Medical Electronics 
1961: 6 Jan., 50 
LKB Instruments, Inc. 
1960: 16 Dec., 1791 
Technicon Chromatography Corp. 
1960: 21 Oct., 1181 


Chromatographs, Paper Strip 


Gilson Medical Electronics 
1961: 7 Apr., 1036 
Kensington Scientific Corp. 
1960: 28 Oct., 1265; 2 Dec., 1713; 30 
Dec., IBC 
1961: 20 Jan., 229; 17 Feb., 491; 24 
Mar., 913; 21 Apr., 1281; 19 May, 1633; 
16 June, 1949; 21 July, 209 
LKB Instruments, Inc. 
1961: 21 Apr., 1158 
National Instrument Laboratories, Inc. 
1961: 21 July, 228 








QUIGKSEAL 


Freeze-Drying Flasks 


Quickseal Freeze-Drying 
Flasks maintain the same 
high vacuum as the standard 
flasks, which rely on lubri- 
cated ground glass surfaces, 
without any grease at all! 
Both the bottom and top sec- 
tions of these flasks have a 
smoothly beveled edge which 
slip fits into a double faced 
silicone rubber gasket. 

Quickseal Freeze-Drying 
Flasks are available in vol- 
ume capacities from 25 ml. 
to 1,000 ml. with either 
19/38 or 24/40 top joint. 


*Patent Pending 


THE VirTis COMPANY, INC. 
GARDINER, NEW _ YORK 
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Photovolt Corp. 
1961: 19 May, 1641 
Research Specialties Co. 
1960: 2 Dec., 1718 
1961: 13 Jan., 112; 10 Feb., 392; 30 
June, 2072 
Thomas, Arthur H., Co. 
1961: 22 Sept., BC 
Will Corp. 
1961: 20 Jan., 236 








Chromatographs, Thin Layer 


Brinkmann Instruments, Inc. 
1961: 19 May, 1638; 16 June, 1939; 21 


July, 211; 18 Aug., 422; 15 Sept., 694 | 
Research Specialties Co. as 4 
1961: 8 Sept., 684; 29 Sept., 955 ie © 


; .. PRMBRZH') AN ACCURATE, ECONOMICAL AND COMPACT 

ny Sane es ‘SEM FLOW RATE TEST KIT FOR MEASURING LIQUIDS 

New Brunswick Scientific Co., Inc. : : =) AND GASES. COMPLETELY SELF-CONTAINED. 

1961: 27 Jan., 289; 31 Mar., 1023 aa — = MAXIMUM INTERCHANGEABILITY OF METERING 

A TUBES PROVIDES A GREAT RANGE OF APPLICA- 

TION, GIVING THE EQUIVALENT TO SEVERAL 
STANDARD FLOW METERS. 





Chromatography Paper Sample Applicator 


Research Specialties Co. 


1961: 30 June, 2072 e For low flow rates from 10cc/min. to 40,000cc/ 


—min. for gas, and 0.1cc/—min. to 1,400cc/min. 

for water. 

Safe Pressure rate 100 ibs. Maximum corrosion 

resistance. 

Float and Tube Replacement are guaranteed in- 

=) . terchangeable. 

Clamps, Joint aay ie i Packed in attractive mahogany case for easy stor- 
E rte age when not in use. 


Chromatography Tubes, Disposable 


Laboratory Construction Co. 
1961: 17 Feb., 537 


<b h SbASS. INE. WIMELAND, Nod. © 





Fisher Scientific Co. : a) 4 ; : “nn 
1961: 7 Apr., 1039 wel. a Seige > 8 Model A 








* Greiner, Emil, Co. Sef = This illustrates 
1960: 2 Dec., 1686 ‘Bg.’ >. bk ae the Complete 
BNE: Kit. 
Cleansers, Glassware 

5 Alconox, Inc. 

1960: 21 Oct., 1190 
, 1961: 24 Mar., 906 
ie Greiner, Emil, Co. 
d 1960: 11 Nov., 1432 
1- 1961: 18 Aug., 414 Ace Standard Spherical 
S, Meinecke & Co., Inc. 24 |. Ground Joints. — 
it 1960: 21 Oct., 1174; 2 Dec., 1720 oi ee ere tee Sd 
C- 1961: 17 Feb., 534; 24 Mar., 904; 21 Sef. - 
a Apr., 1292; 16 June, 1964; 22 Sept., 868 
h 
d Cobalt Sources ————— # Not Illustrated: E 
m Atomic Energy of Canada Limited se — coonen ianeae e120 

1960: 11 Nov., 1354 *, Assembled Model D— Equipped with 1/2” standard 
1 1961: 20 Jan., 217; 24 Mar., 836; 19 “* No. 3575 Ready for Use ical pipe fl 
1. May, 1516; 18 Aug., 481; 22 Sept., 874 Z 2 Model E—Piain ends for hose connection. °3 
- :- Inasmuch as all tubes are interchangeable within + or — 2%, all data is Ro 

Colony Counters =... compatible with data previously determined. Flow data established by <7 
C See Counters, bacteriological ‘tr initial calibration can be easily estrapolated for new gravities, temperatures ,'. 

NC. ur? and pressures. “ey 


Colorimeters, Photoelectric “ glass, and stainless steel. The radial compression O-Ring Seal eliminates 


Beck Ins ‘ ., Spi iv, SS many of the leakage problems common in standard compression type stuf- 

"76h, 34 tane, IPE: en Spee SHY 2s%.. fing boxes. Calibration brochure for liquids and gases is included with 
Bausch & Lomb Optical Co. Onet WF. 

1961: 5 May, 1394; 22 Sept., 802 
Coleman Instruments, Inc. 

1961: 16 June, 1879 ~ 


sags Eanes Co j ACE GLASS INCORPORATED 
Klett Manufacturing Co. VINELAND @ NEW JERSEY 
1961: 5 May, 1433 5 \\e . 


Leitz, E., Inc. sr 5 LOUISVILLE, KY., Box 996 
1961: 20 Jan., 131; 3 Feb., IFC; 7 Apr., : 


IFC; 21 Apr., IFC Circle No. 1265 on Readers’ Service Card 
IL. 134 20 OCTOBER 1961 , 1265 























Colorimeters, Photoelectric Reflectional 


Zeiss, Carl, Inc. 
1961: 8 Sept., 640 


Combustion Analyzers 


Coleman Instruments, Inc. 

1961: 17 Feb., 422; 17 Mar., 726; 19 
May, 1546 
Lindberg Engineering Co. 

1961: 17 Feb., 529 


Comparators, Optical 


Nikon, Inc. 
1961: 16 June, 
Sept., 758 


1857; 21 July 150; 22 





Computers, Analog 


Philbrick, George A., Researches, Inc. 


1961: 17 Mar., 772 


Computers. Digital 
Bendix Corp. 


1960: 21 Oct., 1068; 11 Nov., 1353 
1961: 3 Feb., IBC 


Burroughs Corp. 


1961: 24 Mar., 792 


Mnemotron Corp. 


1961: 2 June, 


Sept., 795 
Royal McBee Corp. 


1961: 19 May, 1511; 16 June, 


July, 11 


1734; 30 June, 2034; 22 


1867; 7 





SEPARATIONS IN 


20 to 40 MINUTES! 





... With 

“RSCo" 

CHROMATOFILM® 
EQUIPMENT 


“DT his new Chromatofilm equipment 
makes the Thin-Layer method* of pro- 
ducing chromatograms easier than ever. 
It’s fast .. 


. convenient ... simple... 


reliable . . . and has a wide quantitative 
range. The technique can be learned 
quickly—even by inexperienced _per- 
sonnel. 

Thin-Layer chromatography uses open 
glass plates layered with a thin film 
of adsorbent in place of conventional 


closed columns. Instead of taking hours 


C-4115X 


to complete a separation, only 20 to 40 
minutes are required. And up to 20 de- 


terminations can be made at one time. 
Better resolution and easy recovery of 
sample components for further study 
are other advantages offered by this 
new method. 

You may order the individual com- 
ponents of the Chromatofilm—or the 
complete assembly, including chemi- 
cals. Ask us for the entire Chromatofilm 
story. 


Chromatofilm Thin-Layer Assembly——complete with spreader, aligning tray, 


glass plates, storage rack, template, developing chambers, pipettes, silica 
gel, aluminum oxide, plus an aerosol reagent kit containing twelve different 


sprays 
*Stahl 


Qa TIE rc 
tar —F— 


| a Pe Oe ae 


a. IETS 
BLOOMFIELD, NEW JERSEY 





Branch Warehouse: Elk Greve Village, Ill. 
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INSTRUMENTS 
CHEMICALS 
¢ GLASSWARE 


Branch Sales Offices: Albany 5, N. Y. * Boston 16, Mess, * Elk Grove ‘Village, Ul. + Philadelphia 43, Pa. « Silver Spring, Ma. 





Conductivity Cells 


Industrial Instruments, Inc. 
1960: 2 Dec., 1716 
1961: 20 Jan., 198 


Conductivity Meters 


Industrial Instruments, Inc. 

1960: 21 Oct., 1192; 2 Dec., 1716 

1961]: 20 Jan., 198; 24 Mar., 958; 19 
May, 1650; 16 June, 1962; 18 Aug., 508 
Leeds & Northrup Co. 


1960: 21 Oct., 1040 
London Co. 
1961: 21 Apr., 1178 


Controllers, Electronic 


Smith, Arthur F., Inc. 
1960: 7 Oct., 968; 2 Dec., 1680 


Counters, Bacteriological 


American Optical Co. 

1961: 3 Mar., BC; 21 July, 153 
New Brunswick Scientific Co., Inc. 

1961: 17 Feb., 517; 26 May, 1721; 29 
Sept., 953 


Counters, Blood Cell 
See Blood cell counters 


Counters, Drop 
See Drop counters 


Counters, Flow Radiation 
See Flow counters, radiation 


Counters, Liquid Scintillation, Automatic 


Baird-Atomic, Inc. 
1961: 3 Mar., 608; 17 Mar., 
Apr., 1155; 19 May, 1539 


789; 21 


Counters, Radiation, Aut 


Changing 


tic Sample 





Baird-Atomic, Inc. 

1961: 20 Jan., 139; 1 Sept., 584 
Packard Instrument Co., Inc. 

1960: 14 Oct., 990; 11 Nov., 1368 

1961: 6 Jan., 12; 24 Mar., 794; 14 Apr., 
1104; 21 Apr., 1165; 23 June, 1980; 7 July, 
14; 5 Aug., 304; 1 Sept., 586 
Technical Associates 

1961: 24 Mar., 822 


Counters, Whole Body 


Packard Instrument Co., Inc. 


1961: 6 Jan., 12; 3 Feb., 302; 17 Feb., 
442; 3 Mar., 612; 31 Mar., 789; 21 Apr., 
1165; 12 May, 1454; 9 June, 1794; 21 


July, 160; 8 Aug., 440; 
Nuclear-Chicago Corp. 

1961: 7 Apr., BC; 2 June, BC; 30 June, 
BC; 28 July, BC; 25 Aug., BC 


15 Sept., 702 


Counters and Scalers, Gamma Radiation 


Atomic Accessories Inc. 
1960: 21 Oct., 1202 
Baird-Atomics, Inc. 
1961: 16 June, 1853; 22 Sept., 799 
Hamner Electronics Co., Inc. 
1961: 22 Sept., 892 
Lionel Electronic Laboratories (formerly 
Anton Electronic Laboratories, Inc. ) 
1961: 20 Jan., 205; 16 June, 1953 
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Fits Any Typewriter 





mechanical enterprise 


Type It Yourself 


Ask your office machine dealer to demonstrate TYPIT 7m 


s inc. 3158 Jefferson 


400 Special Symbols 


or write for a catalog. 


Davis Highway , Arlington 2, Virginia 
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Students at Texas College of Arts and Industries find it easy to visualize problems in equatorial 


motion with the aid of their 4-inch UNITRON. 


In this space age, astronomy is regaining 
its rightful place in the school curriculum. 
But your students deserve more than 
an opportunity to just read about the 
UNIVERSE — let them see for themselves 
the.moons of Jupiter, the rings of Saturn, 
the craters of the Moon, and the many 
other celestial wonders. 

UNITRON telescopes are America’s larg- 
est selling refractors. They offer profes- 
sional quality at prices well within the 
reach of school budgets. UNITRON Re- 
fractors are portable, easy to operate and, 
unlike other types, require no mainten- 
ance. Take advantage of your NDEA funds 
to invest in a UNITRON — the telescope 
with the proven reputation; the choice of 
leading schools and universities. 


20 OCTOBER 1961 


16 UNITRON Models to Choose from . . . including 
1.6” Altazimuth Refractor 
2.4” Equatorial Refractor ... 
3” Altazimuth Refractor ... 
3” Equatorial Refractor .. 
4” Altazimuth Refractor .. 
4” Equatorial Models .. ‘ 
6” Equatorial Models .............. 





GUIDE and CATALOG . 
contents include — 


e Observing the sun, moon, 
planets and sky wonders 


e Constellation map 

e Hints for observers 

e Glossary of telescope terms 
e How to choose a telescope 








UNITRON’S 2.4” Altazimuth Refractor 
is a typical value... 

Complete with Altazimuth Mounting and slow motion controls 
for both altitude and azimuth; tripod; 5X-16mm. viewfinder; 
rack and pinion focusing; 4 eyepieces and Achromatic Ampli- 
fier to double eyepiece powers giving magnification range of 
35-200X; UNIHEX Rotary Eyepiece Selector; $125 
sunglass; cabinet; and instructions. 


INSTRUMENT COMPANY + TELESCOPE SALES DIV. 
66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS. 





Please rush to me, FREE of charge, UNITRON'S 
| OBSERVER’S GUIDE and TELESCOPE CATALOG # 4-U-3 
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GOW-MAC 
MODEL 9285 
(PRETZEL 
SPECIAL) 





a 
Ried 











THERMAL CONDI 
FROM ALL 16 CHRON 
‘See Chemical & Engineering News, July 3, 1961 Issue 


‘Gow-Mac Hot Wire 
Filaments or Cells 


/ .. ARE IN LABORATORY CHROMATOGRAPHS 
} BY 12 OF THESE 16 MANUFACTURERS! 


For YOUR best GC detector performance around 
4 n the clock insist on GOW-MAC for quality, experi- 
“| / ence and fast delivery. New Gow-Mac Bulletins 
\ on Chromatograph Components: 


TCTH — Hot Wire and Thermistor Detectors 
— Tungsten and Teflon Clad Tungsten 












TOGRAPH MAKERS 


IVITY DETECTORS AVAILABLE 


Hot Wires 


GADE — Gas Density Detector 
SPPS — Power Supply Control Units 
MICE — Micro-Cells 


Visit Booth 33, Eastern Analytical Symposium — 
Nov. 15-17, Hotel Statler-Hilton, New York City 


GOW-MAC INSTRUMENT COMPANY 
100 KINGS ROAD, MADISON, N. J., U.S. A. ¢ Telephone: FRontier 7-3450 


GAS ANALYSIS INSTRUMENTS SINCE 1935 





New from gh 


eoeeeeeres 











e Sustained Absolute 
Accuracy 


e Complete Indicating and 
Recording System 


The Tl Cryometer System 
combines a newly developed 
germanium probe and a special 
“servo/riter’* recorder to pro- 


vide continuous indication and recording of temperatures in the cryogenic 
range. Tl Germanium Cryometers offer fast response, unexcelled repro- 
ducibility and withstand continued cycling to room temperature with- 
out restandardization. 


Two standard systems are offered. One specifically covers the liquid 
hydrogen range reading directly in degrees Kelvin. The second covers the 
1°—40° Kelvin range in five steps. 


APPARATUS 
DIVISION 
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Write for complete information 


TEXAS INSTRUMENTS 


INCORPORATED 


GERMANIUM CRYOMETER SYSTEM 


3609 BUFFALO SPEEDWAY *® HOUSTON 6, TEXAS 


* A trademark of Texas Instruments Incorporated 
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Nuclear-Chicago Corp. 

1961: 19 May, BC 
Nuclear Measurements Corp. 

1961: 24 Mar., 916; 19 May, 1653 
Packard Instrument Co., Inc. 

1960: 14 Oct., 990; 25 Nov., 1522 

1961: 6 Jan., 12; 3 Feb., 302; 24 Mar., 
794; 14 Apr., 1104; 21 Apr., 1165; 26 May, 
1678: 7 July, 14 
Picker X-Ray Corp. 

1960: 18 Nov., 1447 

1961: 24 Mar., 828; 16 June, 1868; 21 
July, 154; 18 Aug., 435 
Radiation Counter Laboratories, Inc. 

1961: 16 June, 1845 
Radiation Equipment & Accessories Corp. 

1961: 24 Mar., 956 
Radiation Instrument Development 
Laboratory, Inc. 

1960: 21 Oct., 1042 
Technical Associates 

1960: 21 Oct., 1036 

1961: 19 May, 1552 
Technical Measurement Corp. 

1961: 21 Apy., 1194; 12 May, 1452; 16 
June, 1882 
Tracerlab, Inc. 

1960: 21 Oct., 1080 

1961: 31 Mar., IFC 
Victoreen Instrument Co. 

1960: 21 Oct., 1079 


Counters and Scalers, Low-Level Radiation 


Atomic Accessories Inc. 
1960: 2 Dec., 1673 
Baird-Atomic, Inc. 
1961: 16 June, 1853 
General Measurements 
1961: 22 Sept., 885 
Hamner Electronics Co., Inc. 
1961: 22 Sept., 892 
Isotopes, Inc. 
1960: 21 Oct., 1186 
Lionel Electronic Laboratories (formerly 
Anton Electronic Laboratories, Inc. ) 
1961: 24 Mar., 955; 16 June, 1953 
Nuclear-Chicago Corp. 
1961: 19 May, BC 
Packard Instrument Co., Inc. 
1961: 6 Jan., 12; 3 Feb., 302; 21 Apr., 
1165 
Picker X-Ray Corp. 
1960: 18 Nov., 1A; 2 Dec., 1595 
1961: 16 June, 1868; 21 July, 154; 18 
Aug., 435 
Radiation Counter Laboratories, Inc. 
1961: 16 June, 1845 
Radiation Equipment & Accessories Corp. 
1961: 24 Mar., 956 
Radiation Instrument Development 
Laboratory, Inc. 
1960: 21 Oct., 1042 
Sharp Laboratories, Inc. 
1960: 21 Oct., 1185 
Technical Associates. 
1960: 21 Oct., 1036 
1961: 19 May, 1552 
Tracerlab, Inc. 
1960: 21 Oct., 1080 
1961: 31 Mar., IFC; 19 May, 1524 
Victoreen Instrument Co. 
1960: 21 Oct., 1079 


Crucibles, Porcelain 


Coors Porcelain Co. 
1960: 21 Oct., 1199 
1961: 24 Mar., 936 
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.Crystal Growing Kits 





Edmund Scientific Co. 
1961: 24 Mar., 829 


Crystals, Infrared 


Isomet Corp. 
1960: 2 Dec., 1699 


Crystals, Optical 


Harshaw Chemical Co. 

1960: 7 Oct., 965 

1961: 24 Feb., 591; 14 Apr., 1139; 16 
June, 1933 


Crystals, Scintillation 


Harshaw Chemical Co. 

1960: 7 Oct., 965; 9 Dec., 1775 

1961: 24 Feb., 591; 14 Apr., 1139; 16 
June, 1933; 25 Aug., 525 


Culture Apparatus, Bacteriological 


American Sterilizer Co. 

1960: 11 Nov., 1351 

1961: 20 Jan., 129; 24 Mar., 839; 
Sept., 763 
Bellco Glass, Inc. 

1960: 18 Nov., 504 
Delmar Scientific Laboratories 

1961: 17 Feb., 534; 21 Apr., 1278 
Kontes Glass Co. 

1961: 21 July, 214 


N 
N 


Culture Flasks 


Bellco Glass, Inc. 
1960: 4 Nov., 1321; 18 Nov., 1507 
196k: 21 Apr., 1299 

Kontes Glass Co. 
1961: 21 July, 214 


Culture Medi 


Difco Laboratories 

1960: 21 Oct., 1167; 11 Nov., 1409; 2 
Dec., 1691 

1961: 20 Jan., 215; 17 Feb., 503; 24 
Mar., 901; 21 Apr., 1294; 19 May, 1629; 
16 June, 1945; 21 July, 219: 18 Aug., 493; 
22 Sept., 863 
Hyland Laboratories 

1960: 21 Oct., 1153; 11 Nov., 1429; 23 
Dec., 1899 

1967: 20 Jan., 218; 17 Feb., 524; 24 
Mar., 924; 22 Sept., 878 


Culture Tube Closures 


Bellco Glass, Inc. 

1960: 4 Nov., 1321; 18 Nov., 1507; 2 
Dec., 1713 

1961: 20 Jan., 236; 3 Mar., 655; 24 
Mar., 944; 14 Apr., 1140; 29 Sept., 954 
Bio-Tech, Inc. 

1961: 6 Oct., 1020 


Demonstration Equipment, Nuclear 


Lionel Electronic Laboratories 
1961: 18 Aug., 418; 22 Sept., 765 
Nuclear-Chicago Corp. 
1961: 8 Sept., 635 
Picker X-Ray Corp. 
1960: 18 Nov., 1A 
1961: 17 Feb., 413 
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Sensitivity: Yio mg. 
Reproducibility: 0.03 mg. 
Readability: /20 division 

on projected scale 
Capacity: 200 g. 


Ainsworth 
Right-A-Weigh 


Substitution 
Weighing Balance 





° 
FAST 
s 
ACCURATE 


e All controls on front of case, clearly 
EASY designated. Eye-level, in-line, unob- 


TO USE structed readout. 


WRITE FOR BULLETIN 659 


WV wt AUINGWOIR THE & SONS, ING. 
2151 LAWRENCE ST. - TELEPHONE Alpine 5-1723 - DENVER 5, COLORADO 








1269 








Researching at 
Liquid Helium 
Temperatures? 





New Dewar Keeps Helium 
Over 280 Hours 
Without Refilling 


This stainless steel dewar was designed 
for neutron diffraction studies at low 
temperatures for the U. S. Naval Re- 
search Laboratory. The application re- 
quired that the sample under study be 
held at liquid helium temperatures for 
many days. In initial performance tests 
4% liters of liquid helium were used. 
Data resulting from the tests showed 
that over 100cc of helium still re- 
mained in the Hofman dewar after 
280 hours, 





SEND FOR 


NEW 
CATALOG 





Also: Containers for Liquid Oxygen, Nitro- 
gen, Hydrogen end Helium. Accessory 
Low Temperature Equipment, 


LABORATORIES, INC. 
5 Evans Terminal, Hillside, N. J. 


Representatives in principai industrial and military centers, 
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Demonstration Equipment, Physics 


Central Scientific Co. 

1960: 16 Dec., 1847 

1961: 20 Jan., 147; 7 Apr., 1088 
Macalaster Bicknell Corp. 

1961: 6: Oct., 1019. ° 


Densitometers, Micro 


National Instrument Laboratories, Inc. 
1960: 21 Oct., 1120 

Photovolt Corp. 
1960: 11 Nov., 1419 

Welch, W. M.., Scientific Co., Inc. 
1960: 7 Oct., 967 


Desalters 


Kensington Scientific Corp. 
1960: 28 Oct., 1265; 11 Nov., 1428 
1961: 21 July, 209; 22 Sept., 879 
Research Specialties Co. 
1961: 30 June, 2072 


Desiccators 


| Ace Glass, Inc. 


1960: 21 Oct., 1189 


| Precision Scientific Co. 


1961: 21 July, 151 


Detectors, Gas Density 

Gow-Mac Instrument Co. 
1961: 21 July, 202 

Detectors, Infrared 

Williamson Development Co., Inc. 
1961; 20 Jan., 232 

Detectors, Radiation 

Lionel Electronic Laboratories 
1961: 17 Feb., 519 

Dewar Flasks 

Hofman Laboratories, Inc. 


1961: 16 June, 1954 


Diamond Knives 


Du Pont, E. I., de Nemours & Co., Inc. 


1961: 18 Aug., 511 


Diffraction Gratings 


Bausch & Lomb Optical Co. 
1961: 8 Sept., 642 


Diluters, Automatic 


National Instrument Co., Inc. 
1961: 18 Aug., 493 


Disintegrators, Ultrasonic 


Brinkmann Instruments, Inc. 
1960: 11 Nov., 1435 
1961: 20 Jan., 208 
Heat Systems Co. 
1961: 19 May, 1640; 22 Sept., 884 
Instrumentation Associates 
1961: 24 Mar., 920; 28 Apr., 1374 
Scientific Glass Apparatus Co., Inc. 
1961: 18 Aug., 500 
Will Corp. 
1961: 18 Aug., 511; 22 Sept., 882 








The 
COULTER 


COUNTER’ 


automatically 
counts and sizes 
living cells small 
as 0.065 cubic 
microns 














At present there are more than 
2,000 biological and industrial 
Coulter Counter installations. 
Among the Coulter Counter's 
unique achievements; the cap- 
ability to plot a size distribution 
curve in 100 seconds...less time 
than required for a Mean Cell 
Volume. Extensively used for 1 
by 1 counts (50,000 in 13 seconds) 
of red blood cells,... white blood 
cells...tissue culture cells... 
bacteria ... protozoa ...sperm- 
atozoa.* 


*as well as contaminants, ceramics, 
foods and other particles for industri- 
al needs. 


@} Patented throughout the world. 


for complete information write: 


COULTER ELECTRONICS, INC. 


2525 N. Sheffield ¢ Chicago 14, Illinois 


New York, Los Angeles, London, Rio De Janeiro 
SCIENCE, VOL. 134 

















Dispensers, Tilting 
Kontes Glass Co. 
1961: 18 Aug., 506 
Drop Counters 
National Instrument Laboratories, Inc. 


1960: 2 Dec., 1672 


Dry Box Gloves 
See Gloves, dry box 


Dry Boxes 





American Sterilizer Co. 
1960: 11 Nov., 1351 
1961: 20 Jan., 129; 16 June, 1855; 22 | 

Sept., 763 

Blickman, S., Inc. 

1960: 21 Oct., 1177 
1961: 21 Apr., 1254; 16 June, 1936 

Kewaunee Scientific Equipment 

1960: 21 Oct., 1170 


Drying Apparatus, Glass 


Corning Glass Works | 
1961: 24 Mar., 838 


Egg Punch 


Tri-R Instruments 
1960: 21 Oct., 1203 
1961: 24 Mar., 944 


Electrometers, Vibrating Reed 
Applied Physics Corp. 

1960: 11 Nov., 1348 

1961: 19 May, 1542 
Electron Microscopes 


Bendix Corp. 
1960: 11 Nov., 1425 
1961: 13 Jan., 114; 10 Mar., 715 








Erb & Gray Scientific, Inc. 

1960: 21 Oct., 1173; 9 Dec., 1777 

1961: 24 Mar., 953; 23 June, 2023 
Fisher Scientific Co. 

1961: 21 July, 156; 22 Sept., 772 
Hitachi, Ltd. 

1960: 28 Oct., IBC; 9 Dec., 1730 


1961: 20 Jan., 148; 17 Feb., 421; 3 Mar., | 


649; 21 Apr., 1227; 28 Apr., 1320; 19 
May, 1547; 16 June, 1854; 21 July, 132; 18 
Aug., 429; 22 Sept., 766 
National Instrument Laboratories, Inc. 
1961: 24 Mar., 797; 12 May, 1447; 19 
May, 1508; 16 June, 1850 
Philips Electronic Instruments 
1961: 18 Aug., 483; 8 Sept., 681; 22 
Sept., 875; 6 Oct., 1016 
Picker X-Ray Corp. 
1960: 21 Oct., 1073 


Electron Paramagnetic Resonance 
Equipment 


Varian Associates 

1960: 7 Oct.,920 ~ 

1961: 13 Jan., 109; 24 Mar., 804; 19 
May, 1520; 30 June, IA 


Electron Probe Microanalyzers 


Philips Electronic Instruments 








1961: 18 Aug., 432; 22 Sept., IBC 
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Sliding 
plunger 
gives 





ony 
volume 
setting. 








Check 


valve 





zeroes. 





Teflon 
Stopcocks 
standard, 








K-75900 


‘The 


automatically 
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SAVE 
TIME 
DISPENSING 


With Automatic 
Zeroing 
Airey-Eriksen 
Pipettes 


Each 100 ml. capacity pipette tube has 
a sliding plunger with a built-in check 
valve. The check valve assembly can be 
raised or lowered, permitting automatic 
zeroing of different volumes. 

Liquid to be dispensed is gravity fed 
from an overhead reservoir through a 
Teflon* stopcock. When the column of 
liquid rises to the level you’ve set, the 
check valve floats, seats, and auto- 
matically zeroes the pipette. Time is 
saved since manual adjustment of the 
zero point is eliminated. 

Save even more time with the K-75910 
Double Tube Dispensing Pipette. Each 
tube fills independently and simul- 
taneously. Then they dispense at the 
same time, with mixing. Suitable for 
preparing two component solutions, or 
for single component volumes between 
100 ml. and 200 ml. 

With K-75911, one side fills while the 
other dispenses. This is the fastest of 
these pipettes for repetitively dispensing 
single components of 100 ml. or less. 
Reproducibility of dispensed volumes 
on any of these dispensing pipettes from 
each tube is +0.1 ml. 

For complete details, write for the new 
Medical and Tissue Culture Glassware 
Bulletin TC-4, Kontes Glass Company, 
Vineland, N.J. 


*Du Pont Trademark 
COMPANY 


KONTES : 
GLASS c 
Vineland, New Jersey 
First Choice For Quality Technical Glassware 


K-75910 
K-75911 


appar atus 


above, 


new, adjustable 


shown together with a 


volume tilting 


dispenser, a magnetic stirrer and spinner flask, and other 


interesting items, is described in a newly available bulletin 
covering Kontes Medical and Tissue Culture Products. 


To receive a copy FREE, just drop a note to 
KONTES GLASS COMPANY, VINELAND, N. J. 
and ask for TC-4. 
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Electron Spin Resonance Equipment 


Ridgefield Instrument Group 
1961: 24 Mar., 935 


Electrophoresis, Disc 


Canal Industrial Corp. 
1961: 30 June, 2074; 14 July, 114; 25 
Aug., 571 


Electrophoresis, Liquid 


Beckman Instruments, Inc., Spinco Div. 
1960: 11 Nov., IFC; 25 Nov., IFC 
1961: 10 Feb., IFC; 25 Aug., IFC 

Brinkmann Instruments, Inc. 

1961: 19 May, 1532 


E-C Apparatus Co. 
1960: 21 Oct., 1167 
1961: 20 Jan., 217 
Fisher Scientific Co. 
1961: 12 May, 1493; 25 Aug., 569 
Gilson Medical Electronics - 
1961: 1 Sept., 622 
JKM Instrument Co., Inc. 
1961: 19 May, 1525 
Kern Co. 
1960: 7 Oct., 964 
LKB Instruments, Inc. 
1961: 21 Apr., 1158 
National Instrument Laboratories, Inc. 
1960: 21 Oct., 1121 
Servonuclear Corp. 
1961: 26 May, 1726 











PATHOLOGY 





BIOCHEMISTRY 


= 





MICROBIOLOGY 


PHARMACOLOGY 











HIGH INTENSITY 
SONIFIER’ 











protein release ¢ 


Yew Research 
and 


Processing Tool 





© Homogenizing tissue 
e Cell and bacteria breakdown 
e Emulsifying difficult combinations 


extreme intensity, power selection 
portable, easy to use, 20 kc 
various tip shapes 


EXAMPLES: yeast cells (Histoplasma Capsulatum) completely 
disrupt in 10 min. 


Actinomyces & Corynebacterium, good disruption with 50% 
excellent enzyme activity in 5 min. 


a Chlorella disrupts in 2 min. Micrococci in 15 min. 


777 Northern Blvd., 


HEAT SYSTEMS RPP. Son ted, LACK: 


* trademark Branson Instruments, Inc., Conn. 
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Electrophoresis, Paper 


Beckman Instruments, Inc., Spinco Div. 
1961: 26 May, IFC 
Buchler Instruments, Inc. 
1961: 5 May, 1434; 22 Sept., 762 
JKM Instrument Co., Inc. 
1961: 22 Sept., 889 
Photovolt Corp. 
1961: 16 June, 1955 
Thomas, Arthur H., Co. 
1961: 22 Sept., BC 


Electrophoresis, Paper Strip Scanners 


Gilson Medical Electronics 
1961: 7 Apr., 1036 
Photovolt Corp. 
1961: 20 Jan., 207; 17 Feb., 509; 19 
May, 1641; 16 June, 1955 
Servonuclear Corp. 
1960: 21 Oct., 1156 


| Electrophoresis, Solid Media 


Buchler Instruments, Inc. 

1961: 3 May, 1434; 16 June, 1950 
Canal Industrial Corp. 

1961: 31 Mar., 974; 21 Apr., 1150 
National Instruments Laboratories, Inc. 

1961: 21 July, 228 


| Electroplating Analyzers 


Greiner, Emil, Co. 
1961: 21 Apr., 1264 


Environmental Chambers 


Electric Hotpack Co., Inc. 
1960: 11 Nov., 1435 
1961: 17 Feb., 525 

Lehigh Valley Electronics 
1961: 22 Sept., 868 


Evaporators, Flash 


Buchler Instruments, Inc. 
1960: 2 Dec., 1600 


Evaporators, Rotary 


Buchler Instruments, Inc. 

1960: 2 Dec., 1600 

1961: 19 May, 1538 
Nester & Faust 

1961: 21 Apr., 1276; 21 July, 210 
VirTis Co. 

1961: 16 June, 1872 


Evaporators, Vacuum Coating 


‘Mikros Inc. 


1961: 22 Sept., 851 
National Research Corp. 
1961: 18 Aug., 481 


Exposure Meters, Photomicrographic 

See Photomicrographic exposure meters 
Extractors, Fat 
Delmar Scientific Laboratories 


1961: 17 Feb., 534; 21 Apr., 1278 


Feed, Animal 
See Animal food 
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Class 1 Group D 


Hazardous 
Locations 
@ “Biow-out” Panel 
@ Controlled 
Exhaust 
SAF-T-BILT ROTOCON Assemblers | 
0 With these unique “snap-on” con- 
1000° F. MAX. nectors, you can build any support 
ELECTRIC frame—and add or remove members 
: from it without disassembly. All you f 
| 


OVEN need is %” tubes or rods and a 

v penny. No screwdriver needed! Slip- 
proof, all-around grip, clamps at any 
Available in temperature ranges angle in 10° increments. No set 


from 500° F. maximum to 1000° F. maximum. = 
Saf-T-Bilt Ovens provide precision heat control accuracy and screws to score rods or collapse tub 


















maximum safety from explosion. Built for use with liquids, ing. Made of either zinc alloy or i 
gases and volatile solids with explosion relief panel and forced tough polycarbonate resin. Inexpen- | 
exhaust system to dissipate volatile substances from work sive! 
chamber. Special vapor tight conduit fittings and explosion A / 
proof housings for controls and contactors are provided to Write for | 
eliminate open arc. Heater units are remote from work chamber Descriptive Literature 
and insulated by use of diffuser plate. S ali ‘ 
Write today for bulletin 203-1JU for oo Sagan 
complete information on Saf-T-Bilt Ovens. Scientific Supply 
| tH 2. WIL CORPORATION : 
: d and subsidiaries 
Burn-off Sterilizers Drawer : 
_ Laboratory ovens : 
i pan = ovens Pat ovens : e Rochester 3,N.Y. © New York 52,N.Y. Buffalo 5, N.Y. 
ot-type 1 : 
: furnaces Walk-in batch ovens e Atlanta 25, Ga. e Baltimore 24, Md. @ So. Charleston 3, W. Va. 
furnaces i } 
‘ DESPATCH “OVEN CO. 619 S.E. 8th St.. Minneapolis 14, Mi a 











Advantages of Thin-layer Chromatography 


THIN LAYER Simplicity of technique. 

eee ns ona micro scale of compounds 
such as lipids, alkaloids, steroids, etc. 

CH ROMATOG RAPHY High ee ayraithvsiearae ile And. 

Applicable to a wide range of different compounds. 


APPARATUS Corrosive spray agents may be safety applied. 


Experiments with different solvent systems may serve as a 
guide for application to columns on a preparative scale. 





Bibliography on request. 


The New 
KENSCO 
Apparatus 

is 

Simple to Use, 
Reliable, 


and 








Inexpensive. 
Send for descriptive literature, KENSINGTON SCIENTIFIC eT ATIS 


17 FIFTH STREET RERKELEY 
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Model 3221 
(Stainless Steel) 


National offers 
nine models of 
CO: incubators. 


o 
t 
, SA 
(ae 
ED ENVIRoS 
National Appliance Co. 
7634 S.W. Capitol Hy. * Portland 19, Ore. 


Eastern Sales: 
H. Reeve Angel & Co., Inc. 
9 Bridewell Pl. * Clifton, N. J. 





NATIONAL 


APPLIANCE 


STAINLESS STEEL 
Water-Jacketed 


CO, INCUBATORS 


National Appliance offers a complete line of 
apparatus from small, specially designed re- 
search models to large, custom-built incubation 
rooms. 


CO: tension is obtained by continuous flow, 
vacuum and batch displacement methods. These 
versatile incubators quickly reach and accu- 
rately maintain any required incubating condi- 
tion. National’s high quality controls and 
easy-to-read calibrations make operation sim- 
ple and efficient. These incubators are designed 
for use as wet or dry chambers, paraffin embed- 
ding units as well as anaerobic applications. 
They can be equipped with CO, sampling and 
supply systems for measuring and maintaining 
desired atmospheres with extreme sensitivity. 
There is a National incubator ideally suited to 
your purpose. 


FREE: send now for a free copy of Bulletin 
No. 6051, “Carbon Dioxide Incubation.” It 
contains a complete description of applications, 
methods and advantages in the use of COs: 
incubation, as well as National’s complete line 
of CO: incubators, accessories and price lists. 


NATIONAL APPLIANCE 














PARR Apparatus 


for reactions at elevated 


pressures and temperatures 





An ideal bench-scale reactor with numer- 
ous uses for pressures to 1000 psig. and 


temperatures to 350°C. 


Reactions are conducted in interchange- 
able 1 and 2 liter, stirrer-type bombs 
with all wetted parts made of 1316 stain- 
less steel, Monel, Nickel, Hastelloy B or C, 
Carpenter 20 and other corrosion resist- 
ant alloys. Internal cooling coils, glass 
liners and other accessories are available, 


Ask for Specification 4500 


MOLINE, ILLINOIS 











Daja C asoratories 


NEW BIOCHEMICAL REAGENTS 


2-Hydroxy-3-Naphthaldehyde 
Protein bound amino groups 


Neutral Buffered Formalin 
Fixation 


B-Naphthyl Acetate, 6-Bromo-2- 
Naphthyl Acetate 
Acetyl choline esterase 


Sodium-6-benzoyl-2-Naphthy! Phosphate, 
Sodium a-Naphthyl Phosphate 
Phosphatase 





2-[4'-Hydroxybenzeneazo] Benzoic Acid 
(HABA) 
Albumin in blood plasma 


Carbonaphthoxy Choline lodide 
Serum choline esterase 


6-Bromo-2-Naphthyl £-D-Glucuronide 
B-Glucuronidase 


Naphthyl AS Acetate, Indoxyl Acetate 
Esterase and acetyl choline esterase 


Tetrazolium Salts 
Redox enzyme systems 


Write for catalog today. 
Custom Syntheses Invited. 








2 
THE Londen CHEMICAL COMPANY 


INSTRUMENT COMPANY ANGOON STREET + #0. 8OX 95: 


PHILADELPHIA 24 PA 
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| Fermentation Equipment 








New Brunswick Scientific Co., Inc. 

1960: 21 Oct., 1163 

1961: 3 Feb., 335; 9 June, 1837; 6 Oct., 
1015 


Filiments, Wire 


Gow-Mac Instrument Co. 
1961: 17 Feb., 512 


Film, Transparencies 


Polaroid Corp. 
1961: 19 May, 1549 


Filter Funnels 


Ace Glass, Inc. 
1961: 17 Feb., 527 


Filter, Gel 


Pharmacia 
1961: 3. Feb., 298; 24 Feb., IBC; 17 
Mar., 728; 14 Apr., IBC; 8 Sept., 636 


Filter Papers 


Eaton-Dikeman Co. 

1960: 21 Oct., 1178; 2 Dec., 1696 

1961: 17 Feb., 514; 24 Mar., 908; 21 
Apr., 1296; 19 May, 1551; 21 July, 131; 
22 Sept., 759 
Schleicher, Carl, & Schuell Co. 

1960: 21 Oct., 1154 

1961: 21 Apr., 1262; 12 May, 1496 
Reeve Angel 

1961: 20 Jan., 127; 17, Feb., 436; 19 
May, 1507; 21 July, 147; 22 Sept., 754 


Filters, Bacteriological 


Custom Scientific Instruments, Inc. 
1961: 16 June, 1862; 18 Aug., 497 
Millipore Filter Corp. 
1961: 18 Aug., 502 


Filters, Interference 


Baird-Atomic, Inc. 

1960: 21 Oct., 1151 

1961: 20 Jan., 203; 24 Mar., 907; 21 
Apr., 1172; 5 May, 1389; 19 May, 1527; 
15 Sept., 698 
Bausch & Lomb Optical Co. 

1961: 2 June, 1738; 8 Sept., 642 
Fish-Schurman Corp. 

1960: 21 Oct., 1152; 2 Dec., 1682 

1961: 17 Feb., 517; 21 Apr., 1268 
Mearl Corp. 

1961: 22 Sept., 787 
Photovolt Corp. 

1961: 10 Feb., 393; 11 Aug., 398 


Filters, Membrane 


Millipore Filter Corp. 

1961: 21 July, 234; 5 Aug., 300; 18 Aug., 
502; 1 Sept., 624; 15 Sept., 744; 29 Sepi., 
957 
Schleicher, Carl, & Schuell Co. 

1960: 2 Dec., 1716 


Filters, Polarizing 


Pioneer Scientific Corp. 
1960: 14 Oct., IBC; 9 Dec., 1734 
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Filters, Porcelain 
Brinkmann Instruments, Inc. 

1961: 7 Apr., 1087; 21 Apr., 1285 
Flame Photometers 


Baird-Atomic, Inc. 


1960: 21 Oct., 1198; 11 Nov., 1408; 2 
Dec., 1684 
1961: 17 Feb., 502; 24 Mar., 928; 31 | 


Mar., 968; 19 May, 1605; 16 June, 1880; 
28 July, 246 
Beckman Instruments, Inc., 
Process Instruments Div. 

1961: 23 June, 2024 
Brinkmann Instruments, Inc. 

1961: 31 Mar., 1028 
Coleman Instruments, Inc. 

1960: 2 Dec., 1609 

1961: 16 June, 1879; 18 Aug., 428 
Zeiss, Carl, Inc. 

1961: 31 Mar., 1028 


Scientific and | 


Flasks, Culture 


Bellco Glass, Inc. 
1961: 21 Apr., 1299 


Flasks, Spinner 


Bellco Glass, Inc. 
1960: 7 Oct., 970; 16 Dec., 1848 


Flasks, Volumetric 


Corning Glass Works 
1961: 20 Jan., 144; 18 Aug., 426 


Flow Counters, Radiation 


Technical Associates 
1961: 24 Mar., 822 
Tracerlab, Inc. 
1961: 24 Mar., 806 


Flowmeters 


Corning Glass Works 
1961: 24 Mar., 838; 19 May, 1536 
Gilmont, Roger, Instruments, Inc. 
1961: 19 May, 1530 
Ohio Chemical & Surgical Equipment Co. 
1961: 24 Mar., 931 
Phipps & Bird, Inc. 
1961: 17 Mar., 773 
Precision Scientific Co. 
1961: 20 Jan., 198 


Fluid Dispensers 


Palo Laboratory Supplies, Inc. 
1961: 21 Apr., 1300 


Fluorometers, Photoelectric 


Baird-Atomic, Inc. 
1961: 16 June, 1880 
Beckman Instruments, Inc., Scientific and 
Process Instruments Div. 
1961: 23 June, 2024 
Coleman Instruments, Tnc. 
1960: 2 Dec., 1609 
1961: 10 Feb., 354; 24 Mar., 831; 16 
June, 1879; 21 July, 135 
Farrand Optical Co., Inc. 
1960: 2 Dec., 1697 
Harshaw Scientific 
1961: 13 Jan., 115 
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first order 
research 


stereomicroscope g 


without 











{ 


| 
a 


Optically and mechanically, the M-5 offers unequalled precision, con- 





venience and versatility for the most diverse research applications. 
Uniform, maximum sharpness throughout the field, with no change in 
accommodation, is one of the many exclusive features of the instrument. 


With a constant working distance of 96 mm., standard magnifications 
are 6x,12x, 25x, and 50x, conveniently selected on the rotatable horizon- 
tal drum. Using 8x, 10x, 15x, and 20x eyepieces and attachment objec- 
tives, a total power range of from 5x to 200x is obtainable. Accessories 
not illustrated include other wide field eyepieces, various light sources, 
stages and polarizing, photographic and measuring attachments. 


Your own evaluation of this superb stereomicroscope will prove most 
rewarding. Write for Booklet M-5. 


*the FIRST name in a complete line of Surveying Instruments, 
Photogrammetric Equipment and Microscopes. 





| WILD HEERBRUGG INSTRUMENTS, INC. 
fh PORT WASHINGTON, NEW YORK 
mi=i=ind=ipcelelem Factory Services In Canada: Wild of Canada Ltd., 


157 Maclaren St., Ottawa, Ontario 
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the most 
complete line of 


CONDUCTIVITY 
EQUIPMENT 


— 


ltiussie Instru- ee 
ments Inc., since TROLYT, 

its inception PoNDUCriViry . 

more than 20 QOIPM ENT ~~ 
years ago, has = 
devoted itself to 
the design and 
manufacture of 
electrolytic conductivity 


bridges and conductivity cells. Industrial 
Instruments catalog No. 23 presents the 
most complete line of conductivity 
equipment in the world. A copy is avail- 
able on request. 





In addition to its extensive line of cata- 
loged industrial and laboratory bridges 
and celis, Industrial Instruments is 
pleased to work with researchers in the 
design and construction of special test 
equipment in this and related fields. 


Typical conductivity bridges and cells 
are illustrated below. Contact us if you 
have an application for standard or spe- 
cial electrolytic conductivity apparatus. 


\ 


Dip Type Cells 







Blood Loss 
Monitor 


Industrial 


Industrial 
Instruments inc. 


Instruments 


89 Commerce Road, Cedar Grove. Essex County. W. J 
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Klett Manufacturing Co. 

1960: 21 Oct., 1152; 11 Nov., 1427 

19612 03) Satie 8175 47 aetig T9955 
May, 1433; 25 Aug., 567; 6 Oct., 1025 
Photovolt Corp. 

1960: 14 Oct., 1025; 18: Nov., 1507; 30 
Dec., 1949 

1961: 13 Jan., 113; 24 Feb., 591; 31 
Mar., 1023; 9 June, 1839; 14 July, 116; 25 
Aug., 567; 15 Sept., 741 
Will Corp. 

1961: 21 July, 231 


Fractionators, Counter Current 


E-C Apparatus Co. 
1960: 21 Oct., 1167 
1961: 20 Jan., 217; 24 Mar., 790 


Fraction Collectors, Gas 


Hamilton Co., Inc. 
1961: 5 May, 1448; 19 May, 1655 
Packard Instrument Co., Inc. 
1960: 21 Oct., 1054; 23 Dec., 1860 
1961: 20 Jan., 164 


Fraction Collectors, Liquid 


Buchler Instruments, Inc. 

1960: 2 Dec., 1600 

19Gl; 21 Apr, 1273321. July, 219; 22 
Sept., 762 
Gilson Medical Electronics 

1960: 25 Nov., 1567 
Hamilton Co., Inc. 

1960: 21 Oct., 1194 
Research Specialties Co. 

1961: 17 Feb., 496; 21 Apr., 1298 
Vanguard Instrument Co. 

1960: 11 Nov., 1350 

1961: 24 Mar., 830; 21 July, 136; 22 
Sept., 774 


Freeze Drying Equipment 


American Sterilizer Co. 

1960: 21 Oct., 1071 

1961: 20 Jan., 129; 19 May, 1517; 16 
June, 1855; 18 Aug., 417; 22 Sept., 763 
Instrumentation Associates, Inc. 

1961: 2 June, IBC 
Repp Industries, Inc. 

1961: 21 July, 134 
VirTis Co. 

1960: 14 Oct., 984; 21 Oct., 1056; 11 
Nov., 1344; 2 Dec., 1598 

1961: 20 Jan., 138; 21 Apr., IBC; 19 
May, 1638; 18 Aug., 501; 22 Sept., 769 


Frequency Analyzers 


General Applied Science Laboratories, Inc. . 


1961: 21 Apr., 1300; 19 May, 1634; 16 
June, 1958 


Furnaces, Combustion Tube 


Lindberg Engineering Co. 
1961: 17 Feb., 529 


Furnaces, Laboratory, General Purpose 


Curtiss-Wright Corp. 
1961: 21 Apr., 1274 
Burrell Corp. 
1961: 26 May, 1719 
Lindberg Engineering Co. 
1961: 17 Feb., 529; 21 Apr., 1273 


’ 














MATHESON 
GAS MIXTURES 
for 

Instrument 
Calibration 








In addition to all of the cali- 


bration mixtures, Matheson 
supplies custom gas mixtures 
of every type, including radio- 
active gas mixtures. Extreme- 
ly close tolerances on specifi- 
cations can be held. Exact 
analysis of mixtures is avail- 
able. Here are a few of the 
instruments for which calibra- 
tion mixtures are offered: 


Oxygen Analyzers 
Gas Chromatography 
Infra Red 

Mass Spectrometer 


Practically any mixture of the 
85 gases listed in the Mathe- 
son Compressed Gas Catalog 
can be supplied, to your speci- 
fications. This Catalog con- 
tains information on the 
world’s most complete line of 
compressed gases, and gas 
regulating and handling equip- 
ment. 


Write for catalog 


THE MATHESON 


COMPANY, INC. 


East Rutherford, N. J.; 
Joliet, Ill.; Newark, Calif. 
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LINEAR aug 
X-RAY wa 
DIFFRACTOMETER 


for crystal 
structure analysis 


The Y-190 Linear X-ray Diffractometer pro- 
vides automatic measurement of X-ray reflec- 
tions from single crystals—recorded in logical 
order on reciprocal lattice lines. After each 
recording, one adjustment sets the instrument 
for the next level. 


It permits an accurate, fast and automatic meth- 
od of measuring the large numbers of diffraction 
spectra in the study of complex, involved sub- 
stances. 


3 to 4 analyses per minute 


The instrument is provided with recording rate- 
of-count meter and printing scaler. Performance 
depends upon the type of crystal under exam- 
ination. In most cases, measurement of three to 
four reflections per minute is possible, with an 
accuracy of 2-3% by the point-by-point method; 
the less accurate method of continuous scanning 
allows even greater speeds, 


The Linear Diffractometer was developed by 
Doctors Arndt and Phillips at the Royal Insti- 
tution, London. 


. For complete information concerning 
the Y-190 ask for catalog CH-412 


ENGIS EQUIPMENT COMPANY 


431 SOUTH DEARBORN ST. ¢ CHICAGO 5, ILL., 


TELEPHONE: HARRISON 7-3223 


AFFILIATED WITH HILGER & WATTS, INC 
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NOW 
Spot check 
humidity 
anywhere! 









MODEL W611 
$17500% 


New Honeywell portable humidity 
indicator with direct read-out 


This indicator is completely self-contained. Power from 
integral long-life mercury batteries. Provides approxi- 
mately 100 hours of service, enough for thousands of 
readings. Overall relative humidity indicating range of 10 
to 100% R-H. Responds and indicates changes in relative 
humidity with accuracies to 1%4% R-H. Supplied with 
each indicator are six indicating dials used in conjunction 
with six sensing elements of the corresponding ranges. 


® Direct R-H Read-Out © Temperature Compensating 
Thermister @ Portable @ Transistorized 
® Wide Indicating Range ® Accurate 
*Price includes one sensing element. (select from those listed in coupon) 


Additional five elements available for complete range at $20.00 
each. Cowhide carrying case shown, extra. Specify 4117029, $15.00. 


Honeywell 











2 _— = = - Rm —_—<——: —" oe 
Thats ow Cotaal 
{ SINCE 18685 | 
I HONEYWELL « Dept. S-101, Minneapolis 8, Minn. | 
I Attached is our Purchase Order for Portable Humidity | 
I Indicators. Please equip indicator(s) with sensing element(s) | 
] for range(s) indicated. I 
I 10-30% 20-45% 35-60% 50-75% 65-90%  80-100% ] 
| R-H R-H R-H R-H R-H R-H l 
‘Saks es eee es Ce eee ee 
{ (0 Please send additional information on the Portable Hu- [| 
| midity Indicator i 
NAME 
1 AppRESS 
l 

ee STATE Sliced 
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Thermolyne Corp. 


1961: 24 Mar., 908; 21 Apr., 1306; 21 
ure Cae >. k 6 July 220; 18 Aug., 492; 22 Sept., 886 A 





ob Furnaces, Ultra-High Temperature 

...with impure biochemicals? _— + 

Curtiss-Wright Corp. 
Make sense? No. That is why, for over 35 years, 1961: 18 Aug., 510 A 
Pfanstiehl has been producing the best, rather 
than the longest list, of rare sugars, amino acids, " Dee: : Ci 
and other biochemicals. During these years, many Furniture, Laboratory 
leading laboratory supply houses have listed ; ; D 
and furnished biochemicals bearing the Pfanstiehl ait og hg 
label because they can depend on the Pfanstiehl name. — Al Sci aks ” i 
Some of our newer items are: L-Xylose, stachyose, N- eer i: 1652: 22S 887 O 
acetylgtlactoseamine, Lyxosimine, Tyrosine C.P. and practical, Zinc and mag- : aay, ; ept., 
nesium glucoheptonates. Duralab Equipment Corp. D 
The Pfanstieh! 1961 Catalog with specifications, structural formulas, and prices 1960: 21 Oct., 1193; 2 Dec., 1686 
is available on request. You may order Pfanstiehl products direct or through 1961: 24 Mar., 910 D 
your favorite supply house. Special prices are available for bulk quantities. Equipto 
Listed below are some of the laboratory supply houses that carry Pfanstiehl 1961: 24 Mar., 947; 21 Apr., 1289; 19 G 
poe DOMESTIC DISTRIBUTORS ony dienes 

Fisher Scientific Co. K 

° ° VANSTON, ILL. PORTLAND, ORE. 
eo gy = °: American Hospital Supply Co. Scientific Supply Co. 1960: 21 Oct., 1086 
JAMAICA, NEW YORK aif : : 

ek rok, Inc Lissco Scientific Co. a aaa a : 1961: 5 May, 1387 : k 
CHICAGO, ILL. ge cn iy ill ROCHESTER, N. Y. Kewaunee Manufacturing Co. 


Apparatus Co. MEMPHIS, TENN. Will Corp. 





1961: 19 May, 1610 


Technical Products Co. ST. LOUIS, MO. T 
; MINNEAPOLIS, MINN. A. S. Aloe 
g Geo. T. Walker Co, 

Schaar & Company NEW YORK, N. Y. pag ka ace Ph ll Funnels, Separator 

Wilkins- Anderson Amend Drug & Chemical Co. aber ; 
CINCINNATI, OHIO New York Laboratory Supply Co. SEATTLE, WASH. : ° bl 1 Cc 

Laboratory Services, Inc. PHILADELPHIA, PA. Scientific Supply Co. Kimble Glass Co. r 
COLUMBIA, S. C. Edward P. Dolbey Co. WASHINGTON, D. C. 2 

Southestern Biochemicals, Inc. Arthur H. Thomas Z. D. Gilman, Inc. 1961: 24 Mar., 803 


FOREIGN DISTRIBUTORS 


Many supply houses abroad distribute Pfanstiehl chemicals, either under our own label or theirs. 


A few are Galvanometers, Teaching 
ARGENTINA BRAZIL GERMANY i MEXICO me C 
M. Godfrid B. Herzog Munich Med. Assoc. offman-Pinther Cc t 1 S . tifi Co 
AUSTRALIA CANADA INDIA SWITZERLAND entral ocientilic . 
Watts Winter Can, Lab. Supply B.N. Bose Co. Fluka A.G, 1961: 3 Feb., 338 [ 
BELGIUM CUBA ITALY 
Lab. Pharmaceutica Casaturull Agrar 
~ 1 Gas Containers, Liquid I 
Pfanstiehl Laboratories, Inc. 





1217 Glen Rock Avenue ® Waukegan, Illinois Hofman Laboratories, Inc. 
1961: 24 Mar., 942 


AT LAST? N REALLY CONVENIENT] | MELA AUD LEO M OLED 1227-7 03. 90 : 


AUTOMATIC LONG TERM PRESERVATION | Gases: Compressed 
SYRINGE a OF BIOLOGICAL SPECIMENS Matheson Co., Inc. 


1961: 21 Apr., 1269; 16 June, 1956; 18 
IN LIQUID N, AT -320° F. Aug., 419 
=o Ohio Chemical & Surgical Equipment Co. 
: 1961: 16 June, 1936 


















Repeats Preset 
Volume 

© Assembles instantly 

© Setting locks in place 


¢ Available to fit standard 
syringes in '4-1-2-5-10 
ec. and 10-50 or 100 
microliters 


e EASY TO HANDLE 


Fine-thread adjusting screw 
permits accurate setting to 
any volume... comes apart 
or reassembles with a slight 
twist without changing the 





Gauges, Vacuum | 


Gilmont, Roger, Instruments, Inc. 
1961: 22 Sept., 897 

Greiner, Emil, Co. 
1961: 22 Sept., 760 


Friedieiesmecimsang 


/ 








Gaussmeters 


Harvey-Wells Corp. 












| setting. 1961: 18 Aug., 425 
Any syringe 

a becomes an ba G t Signal 
ae AUTOMATIC Today, liquid nitrogen is used for storage of enerators, signa 
=e PIPETTE viruses, bacteria, cancer cells, tissue, sperm and 

ZE4 with this simple blood. CRYENCO specializes’ in providing equip- | Strand Labs., Inc. 

+e new attachment. og for your low temperature investigation and 1961: 6 Oct., 1018 
gt Now, we are producing a complete line of 
==. low temperature biological storage dewars (Bio- 





Stats)—from 325 cu. in. to 17.5 cu. ft. Ease of Germ-Free Apparatus 
operation = pc ars are featured. Operation 
is economical with safe, long storage time— you . +1: 
fill only every 30 to 90 days, depending on unit American Sterilizer Co. 





a A er” CRYENCO 1960: 11 Nov., 1351 
i r our complete catalog on 
Ask your laboratory supply BIOSTATS, company loueinad, 1 Rot 1961: 16 June, 1855 


dealer, or write directly to: 


Scientifie CP? > x. P/ < Oo Glass Blowing Equipment 
Industries, Ine. CRYOGENIC ENGINEERING COMPANY 











molg) Th 








thlehem Apparatus Co., Inc. 
aiden: $;10. 220-05 o7th Ave, | 217 WEST 48th AVENUE + DENVER 16, COLORADO Pee a ce, 1157:2 Bec, 1708 
MScoth & s6 Dockers Analytical ~ Low Temperature, High Vacuum Equipment . ct., ’ ” 
Symposium, N.Y.C., Nov. 18-17 and Engineering 1961: 22 Sept., 784 


‘ 


ee 
N 
a 
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Glassware Coating, Plastic 


Ace Glass, Inc. 
1961: 24 Mar., 923 


Glassware, Laboratory 


Ace Glass, Inc. 
1961: 19 May, 1643 
Corning Glass Works 
1960: 4 Nov., 1281; 11 Nov., 1420; 2 
Dec., 1606 
1961: 20 Jan., 144; 21 Apr., 1170; 21 
July, 145; 18 Aug., 426; 22 Sept., 780; 6 
Oct., 967 
Delmar Scientific Laboratories 
1961: 25 Aug., 571 
Doerr Glass Co. 
1960: 21 Oct., 1A 
Greiner, Emil, Co. 
1961: 19 May, 1534 
Kimble Glass Co. 
1960: 11 Nov., 1357; 9 Dec., 1731 
1961: 21 Apr., 1173; 18 Aug., IBC 
Kontes Glass Co. 
1961: 24 Mar., 899 
Thomas, Arthur H., Co. 
1961: 5 May, BC 


Glassware, Micro 


Ace Glass, Inc. 
1961: 19 May, 1643 
Corning Glass Works 
1961: 19 May, 1536 
Delmar Scientific Laboratories 
1961: 25 Aug., 571 
Kontes Glass Co. 
1961: 24 Feb., 595; 24 Mar., 899; 21 
Apr., 1269 


Glassware Washers 


Chemical Rubber Co. 
1961: 24 Mar., 958 
Fisher Scientific Co. 
1961: 31 Mar., 1027; 5 May, 1387 


Gloves, Dry Box 


Charleston Rubber Co. 

1961: 24 Mar., 945; 19 May, 1645 
Wilson Rubber Co. 

1961: 6 Jan., IBC; 24 Mar., IBC; 6 
Oct., IBC 


Glow Boxes 


Instruments for Research and Industry 
1960: 21 Oct., 1200; 11 Nov., 1430 
1961: 20 Jan., 225; 24 Mar., 935; 16 

June, 1937; 18 Aug., 503 


Graduates, Plastic 
Nalge Co., Inc. 

1961: 16 June, 1960; 18 Aug., 489 
Growth Chambers, Plant 


National Appliance Co. 
1961: 19 May, 1609 

Sherer-Gillett Co. 
1961: 19 May, 1633 


Heating Mantles 


Glas-Col Apparatus Co. 
1961: 26 May, 1671 
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iso-Butene Methyl alcohol 1,.3-Butadiene 
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PUT IN COMPLEX SAMPLES...GET BACK 
PURE COMPONENTS WITH FISHER'S 
NEW, LOW-COST PREP/PARTITIONER* 


This preparative gas chromatograph separates complex liquid 
mixtures of up to 10 mi quickly, cleanly, completely—recovers 
purified components for study and use. Recovery yield: 85% to 
95%. Column length can be varied, columns and packings changed; 
carrier gas is nitrogen; injection inlet has built-in needle, detach- 
able syringe. Price? With all auxiliaries, Fisher’s new Prep/Par- 
titioner costs a third of comparable apparatus. More facts? Call 
your Fisher branch for free Bulletin FS-239, or write Fisher Scien- 
tific Company, 139 Fisher Building, Pittsburgh 19, Pa. J-186 


*Fisher Scientific Company Trademark 








2 FISHER SCIENTIFIC 


World’s Largest Manufacturer- Distributor of Laboratory Appliances & Reagent Chemicals 











Boston « Chicago « Fort Worth «+ Houston + NewYork « Odessa, Texas 
Philadelphia « Pittsburgh e St.Louis « Washington + Montreal « Toronto 
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Heating Tapes Gifford-Wood Co. 
1961: 24 Mar., 954 
Heat Systems Co. 
1961: 19 May, 1640 
Instrumentation Associates, Inc. 
1960: 11 Nov., 1406 
Kontes Glass Co. 
1960: 21 Oct., 1193; 11 Nov., 1410 
1961: 20 Jan., 232; 19 May, 1634 
Smith, Arthur F., Inc. 
1960: 14 Oct., 1021 
Sorvall, Ivan, Inc. 
1961: 19 May, 1607; 18 Aug., 479 
Tri-R Instruments 


Glas-Col Apparatus Co. 
1961: 23 June, IBC; 25 Aug., 522 
Standard Scientific Supply Corp. 
1960: 11 Nov., 1434 


Hematocrits, Micro 


Yellow Springs Instrument Co., Inc. 
1961: 28 Apr., 1372; 19 May, 1630; 22 
Sept., 850 


Homogenizers, Tissue 


1961: 21 Apr., 1309 
Brinkmann Instruments, Inc. VirTis Co. 
1961: 20 Jan., 208 1961: 24 Mar., 796 
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Proven the world's finest and most econom- 
ical detergent for the exacting requirements 
of Hospital, Medical and Laboratory use. 


MEETS HIGHEST U.S. GOVERNMENT 
SPECIFICATIONS 
MORE WETTING POWER! 
MORE SEQUESTERING POWER! 
MORE EMULSIFYING EFFECT! 
QUICKLY, COMPLETELY 
SOLUBLE AND RINSABLE! 


More effective than any known detergent in powder 
form or any liquid detergent that costs four times as much! 


Sold Throughout the World by 
ALL LEADING LABORATORY, HOSPITAL 
and SURGICAL DEALERS tablet form forall pipette 


Ask your supplier for a copy of the remarkable Alconox Cleaning Guide 
which may be reproduced for all your students. 


Meets Highest ' 
Government Specifications 


Also ae of ALCOJET for 
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ALCONOX, 





INC., 853 BROADWAY, NEW YORK 3,N.Y. 
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Hoods, Fume 


Blickman, S., Inc. 
1960: 21 Oct., 1177 
1961: 17 Feb., 525; 21 Apr., 
Aug., 507 
Kewaunee Scientific Equipment 
1961: 21 July, 232 
Laboratory Construction Co. 
1961: 22 Sept., 873 


1254; 18 


Hoods, Microbiological 


Blickman, S., In 
1960: 21 Oct., 
1961: 


1177 
17 Feb., 525 


Hoeds, Radioactivity 


Blickman, S., Inc. 


1961: 17 Fens 5253 


16 June, 1936 


Hot Plates 


Harshaw Scientific 
1961: 24 Mar., 952; 21 Apr., 
Lindberg Engineering Co. 
1960: 11 Nov., 1425 
1961: 24 Mar., 953; 19 May, 1618 
New York Laboratory Supply Co. 
1960: 2 Dec., 1719 
Precision Scientific Co. 
1960: 2 Dec., 1687 
Standard Scientific Supply Corp. 
19613: 21 Apr., 1258 
Thermolyne Corp. 
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1960: 21 Oct., 1192; 2 Dec., 1678 
1961: 20 Jan., 206; 17 Feb., 520; 16 
June, 1942 


Thomas, Arthur H., Co. 
1961: 6 Oct., BC 
Will Corp. 
1960: 2 Dec., 1707 


Hydrogen Determinaters 
Coleman Instruments, Inc. 
1961: 19 May, 1546 

Fisher Scientific Co. 
1961: 9 June, 1788 
Hydrogenation Apparatus 

Parr Instrument Co. 
1961: 21 July, 216 
Incubators, Co. 


National Appliance Co. 


1960: 21 Oct., 1170 
1961: 20 Jan., 213; 24 Mar., 946; 22 
Sept., 856 


Incubators, Dubnoff 

Harshaw Scientific 
1961: 13 Jan., 115° 

Insurance 

Teachers Insurance and Annuity Assoc. 
1961; 13 Jan., 116 

Interferometers 


Central Scientific Co. 
1960: 16 Dec., 1849 
Ercona Corp. 
1960: 2 Dec., 1586 
1961: 18 Aug., 412 
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PACKAGED PUMPING 
SYSTEMS 
PRODUCE AND MEASURE 
SVACUUM TO 10’ mm. HG. 


Here’s what you get with the new NRC Series 
3300 line of portable pumping systems: unmatched 
effective pumping speeds over a wide pressure range 
. . . top performance and efficiency . . . dependable 
low ultimate pressure . . . adaptability for ultra-high 
vacuum ... no contamination by condensable vapors 
. . . low first and operating costs . . . wide range of 
sizes, including 2, 4, 6 and 10 inch systems. 

This NRC line of systems assures you an easy, 
low cost source of high vacuum pumping and 

es, measurement. All 
you need for op- 
eration is power, 
water and vacuum- 
tight container. Use 
the 3300’s as port- 
able pumping sys- 
tems to move from 
job to job, or as a 
low cost building 
block for a high 
performance vacu- 
um installation. 








Write today for technical 
details on the Series 3300 
ine. N 
A Subsidiary of National Research Corp. EQUIPMENT 


160 Charlemont Street, Dept. 25-1 CORPORATION 
Newton 61, Massachusetts 
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MW MAMAY 


A, dI-ARTERENOL HCI 
|-ARTERENOL BITARTRATE 


(norepinephrine) 


1-EPINEPHRINE BITARTRATE 
Also the Corresponding 


¥ META-METHYL ETHERS: 
7 dl-METANEPHRINE HCI 


and 


di-NORMETANEPHRINE HCI 


Available Now For 
¥ Laboratory Investigation 
X And Analytical Standards 
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A STIRRER FOR EVERY JOB 
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There is an Eberbach Corporation STIRRER for 
every laboratory stirring application, and every 
laboratory should have one or more Eberbach 
stirrers. There are continuous duty stirrers, in- 
termittent duty stirrers, low speed stirrers, high 
speed stirrers, single speed and variable speed 
stirrers, con-torque stirrers, universal stirrers 
and stirrers with governor. Speeds are available 
from 90 r.p.m. to 12,000 r.p.m. Horsepower 
ratings vary from 1/150 to 1/10. Maximum ca- 
pacities are provided from 1 quart to 20 gallons. 
Hollow spindles on most models permit you to 
adjust stirring level quickly, easily. Prices... 
$22.50 to $185.00. If you have a stirring require- 
ment or problem send for our catalog 60G which 
is fully illustrated and contains complete details 
on every Eberbach Corporation STIRRER and 
the complete line of ACCESSORIES. 


P.O. Box 1024 Fberbach Ann Arbor, Michigan 
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° - @ 
vitreosil 
PURE FUSED QUARTZ 


LABORATORY WARE 
OF HIGHEST PURITY 


@ For excellent thermal shock resistance, and 
inertness 

e For guarding the real purity of your com- 
pounds in crucibles, retorts, muffles, dishes, 
tanks, pots, trays 

e For outstanding electrical properties, 
strength, impermeability in ball & socket 
joints, standard taper joints, graded seals 

@ Quartz to metal seals 


A wide variety of laboratory ware is available in 
all types and sizes. Also, we fabricate to your 
specifications. See our ad in Chemical Engineer- 
ing, Electronic Engineers Master and Electronic 
Designers’ Catalogues. 


Write for complete, illustrated catalog. 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dover, New Jersey 
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Ion Exchangers 


Reeve Angel 

1960: 2 Dec., 1587 

1961: 24 Mar., 823 
Pharmacia 

1961: 10 Mar., 668; 7 Apr., 1042; 19 
May, 1548 
Schleicher, Carl, and Schuell Co. 

1961: 21 Apr., 1262; 12 May, 1496; 16 
June, 1954; 15 Sept., 743 


Isotopes 
See Chemicals, radiation 


Jacks, Laboratory 


Central Scientific Co. 

1961: 16 June, 1939; 21 July, 212; 18 
Aug., 501 
New York Laboratory Supply Co. 

1960: 21 Oct., 1205; 11 Nov., 1423 
Precision Scientific Co. 

1960: 11 Nov., 1424 

1961: 21 July, 151 
Standard Scientific Supply Corp. 

1961: 24 Mar., 912 


Kinetic Theory Apparatus 


Central Scientific Co. 
1960: 11 Nov., 1359 


Kjeldahl Apparatus 


Glas-Col Apparatus Co. 
1961: 26 May, 1671 

Laboratory Construction Co. 
1960: 21 Oct., 1197 


Kymograph Cameras 


Phipps & Bird, Inc. 
1961: 24 Mar., 949 


Kymographs 


Harvard Apparatus Co. 
1960: 2 Dec., 1681 
Phipps & Bird, Inc. 
1960: 7 Oct., 967; 21 
Oct., 1267 
1961: 10 Feb., 390; 31 Mar., 1023; 21 
Apr., 1305 


Oct., 1191; 28 


Labels, Microscope Slide 
See Microscope slide labels 


Labels, Pressure Sensitive 


Professional Tape Co., Inc. 

1960: 7 Oct, 9725 21 Oct, is ike 
Oct., 1263, 1267; 4 Nov., 1329; 25 Nov., 
1565; 2 Dec., 1681; 16 Dec., 1845 

1961: 6 Jan., 49; 20 Jan., 210; 17 Feb., 
3293.3: Mar, 655; 10 Mar, 712, Vise 17 
Mar., 769; 24 Mar., 925, 944; 7 Apr., 
1089; 26 May, 1723; 16 June, 1955; 15 
Sept., 745 


Laboratory Furniture 
See Furniture, laboratory 


Lasers 


Raytheon Co. 
1961: 21 July, 133 


’ 








= New! A unique study of the— 


PLANT LIFE of PALESTINE 


Michael Zohary, Hebrew University of 
Jerusalem. Fresh insights into the problems 
concerning the flora and vegetation of Pales- 
tine. Book ‘analyzes the geographical distribu- 
tion of over 2,000 native species of plants; 
discusses ecological factors, soil varieties, 
climatic conditions, etc. Chronica Botanica 
New Series of Plant Science Books, No. 33. 
1961. 247 pp., illus. $8 


PLANTS of the BIBLE 


Harold N. Moldenke and Alma L. Moldenke. 
A complete survey of ‘the plants and plant 
products mentioned in the Bible. Chronica 
Botanica New Series of Plant Science Books, 
No. 28. 1952. 364 pp., illus. $7.50 


PHOTOGRAMMETRY and 
PHOTO-INTERPRETATION 


Stephen H. Spurr, The University of Michi- 
gan. Second Edition of “Aerial Photographs 
in Forestry” discusses significant develop-, 
ments in the techniques of aerial photography, 
photogrammetry, and _ photo-interpretation. 
Covers vegetation mapping, forest inventory, 
forest management, etc. 2nd Ed., 1960. 472 
pp., illus. $12.00 


The 19th Symposium of the Society for 
the Study of Development and Growth... 


SYNTHESIS of MOLECULAR 
and CELLULAR STRUCTURE 


Dorothea Rudnick, Albertus Magnus Col- 
lege and Yale University. A new compila- 
tion of the most recent studies on the chemi- 
cal and cellular aspects of organic differentia- 
tion, from molecules to tissues and organs. 
9 Contributors. 1961. 255 pp., illus. $9 


—The 16th, 17th and 18th Symposia— 
Developmental Cytology, Dorothea Rudnick, Ed.; 10 
Contributors. 1959. $8 


Cell, Organism, and Milieu, Dorothea Rudnick, Ed.; 
12 Contributors. 1959. $8 


Developing Cell Systems and Their Control, Dorothea 
Rudnick, Ed.; 10 Contributors. 1960. $8 


The 6th annual symposium publication 
of the Society of General Physiologists— 


MACROMOLECULAR 
COMPLEXES 


M. V. Edds, Jr., Brown University. Original 
studies representative of recent efforts to 
analyze complex macromolecular aggregates. 
14 Contributors. 1961. 257 pp., illus. 


—Other S. G. P. Symposia— 


Subcellular Particles, Teru Hayashi, Ed.; 20 Con- 
tributors. 1959. ee $8.50 
Physiological Adaptation, C. Ladd Prosser, Ed.; 14 
Contributors. 1958. $4 
Influence of Temperature on Biological Systems, 
Frank H. Johnson, Ed.; 24 Contributors. 1957. 
$4.50 
Physiological Triggers and Discontinuous Rate Proc- 
esses, Theodore H. Bullock, Ed.; 16 biaegecyen ? 
1958. 


Electrolytes in Biological Systems, 


Abraham M. 
Shanes, Ed.; 11 Contributors. 1955. $4 


Publishers of the Chronica Botanica Books 


_ THE RONALD PRESS COMPANY 
15 East 26th St., New York 10 
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Lathe, Metal Working 


American Edestaal, Inc. 
1960: 21 Oct., 1188; 2 Dec., 1703 
1961: 24 Mar., 942; 21 Apr., 1300; 19 
May, 1637; 16 June, 1945; 21 July, 202; 
18 Aug., 502; 22 Sept., 880 


Light Meters, Photoelectric 


Photovolt Corp. 
1960: 7 Oct., 967 

Welch, W. M., Scientific Co. 
1960: 7 Oct., 967 


Liquid Scintillation Counters 
See Counters, liquid scintillation, auto- 
matic 


Logic Kits, Electronic 


Digital Equipment Corp. 
1960: 2 Dec., 1715 


Magnetic Resonance Equipment, Nuclear | 


See Nuclear magnetic resonance equip- 
ment 


Magnets, Electromagnetic 


Harvey-Wells Corp. 
1961: 16 June, 1851; 22 Sept., 757 


Manometers 


Corning Glass Works 
1961: 24 Mar., 838; 19 May, 1536 
Gilmont, Roger, Instruments, Inc. 
1961: 24 Mar., 913 
Greiner, Emil, Co. 
1961: 19 May, 1614; 22 Sept., 760 


Mass Spectrometers 


Bendix Corp. 
1960: 25 Nov., 1561 
1961: 27 Jan., 287; 24 Mar., 933 
High Voltage Engineering Corp. 
1961: 20 Jan., 162 
Picker X-Ray Corp. 
1960: 21 Oct., 1073 


Melting Point Apparatus 


Gilford Instrument Laboratories, Inc. 
1961: 6 Oct., 1022 

Stoelting, C. H., Co. 
1961: 17 Feb., 501 

Thomas, Arthur H., Co. 
1960: 21 Oct., 1075 


Mercury Sweepers 


Will Corp. 
1961: 12 May, 1491 
1961: 20 Jan., 124 


Micromanipulators 


Aloe Scientific 
1960: 21 Oct., 1201 
1961: 24 Mar., 917; 21 Apr., 1261 
Brinkmann Instrument Co. 
1960: 16 Dec., 1845 
Ercona Corp. 
1960: 21 Oct., 1162 
1961: 19 May, 1522 
Leitz, E., Inc. 
1960: 18 Nov., IFC 
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1=A NEW LOOK 
heresvi Hy aed areas Generator 























HYDROGEN 

HY-Fl GENERATOR 

MODEL MODEL 650 

600 (Pat. Pend.) 
(Ge 606: 

the really ionization detector 


The Aerograph Hy-Fl is a high temperature programming Gas Chromatograph with Hydrogen Flame 
lonization detector. With the new Aerograph hydrogen generator, the hydrogen tank, reducing valve, 
compressed air, filters and complex piping are completely eliminated. Only nitrogen for carrier gas 
is required to operate this complete high temperature ultra sensitive gas chromatograph—The Hy-Fl. 


High temperature oven 400°C with fan for Tremendous sensitivity with accurate 

air circulation. attenuation over a wide dynamic range. 
Great sensitivity and high temperature Insensitivity to water makes the Hy-Fl 
operation permits analysis of large complex especially useful for biological analysis, as 
molecules as steroids, antioxidants, waxes, spirits, beer, ferments, vanilla, etc. 
sesquiterpenes, etc. Price complete $895.00 
Adjustable flow rate accurately measured by Eliminates hazards and problems of tank 
meter. hydrogen. 

Baseline stability is equal in all respects to Continuous operation is recommended — 
tank hydrogen. simply add distilled water twice each month. 


Price complete $225.00 


PLEASE SEND YOUR SAMPLES FOR FREE ANALYSIS. ALL ORDERS FOR THE HY-Fl AND THE HYDROGEN GENERATOR 
WILL BE PROMPTLY PROCESSED. 


WILKENS INSTRUMENT & RESEARCH INC. 
P.0. Box 313, Walnut Creek, Calif. Phone ATlantic 4-7166 
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GAS CHROMATOGRAPH 


Loenco Instruments Feature: 


A Wide Temperature Range A Prep Scale Attachments 

A Choice of Highest Performance 
Thermal Conductivity and lonization 
Type Detectors 

A Independent Injection, Port 
Temperature Control 

A Reproducible Sampling For Gases 
and Liquids 


A Electronic Detector Oven Temperature 
Control For Highest Stability 


A Finest Quality Construction For 
Low Maintenance 


A Convenient Design For Easy 
Operation 


APPLICATION COVERAGE 





MODEL 70 HI-FLEX 
Additional Features: 





A Dual Column Programming With Column 
Vapor Pressure Compensation, Easy Column 
Access 

A Radioactivity Detector For Simultaneous 
Tagged Component Chromatograms 

ALarge Independent Detector Oven For a 
Variety of Detectors 

AFlexible Linear Column Programmer 











WRITE FOR ADDITIONAL INFORMATION 


LOENCO LOE ENGINEERING COMPANY 


Analytical Control Instrumentation 
2092 NORTH LINCOLN AVENUE, ALTADENA, CALIFORNIA 

















new concepts in scientific glassware 


Delmar introduces 


MITE-O-WARE 


GREASE FREE 
MICRO-GLASS LAB WARE 


® New unique joints are leakproof 

@ O-Rings made of Viton 

@ Eliminates contamination 

® Fast easy assembly ... no joints to grease 
€ 


Viton O-Rings hold pressures as low as 10°, for temperatures 
from — 40° F to +500° F. 


® New design for O-Ring needle valve stop cocks 


De Mar 


SCIENTIFIC LABORATORIES S60D for High Vacuum 


317 MADISON ST., MAYWOOD, IL, | 8laSS ware equipment. 
A SUBSIDIARY OF COLEMAN INSTRUMENTS, INC. 


Write for new Mite-O-Ware 
catalog S61M on Micro- 
Glass lab ware and Catalog 





MITE-O-GLASS LAB WARE 


DELMAR 
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Microprojectors 


Bausch & Lomb Optical Co. 
1961: 19 May, 1558; 14 July, 76; 25 
Aug., 532 
Elgeet Optical Co. 
1961: 19 May, 1611 
Hacker, William J., & Co., Inc. 
1960: 2 Dec., 1604 
Leitz, E., Inc. 
1960: 7 Oct., IFC; 2 Dec., IFC 


Microscope Condensers 


Brinkmann Instruments, Inc. 
1961: 3 Mar., 650 


Microscope Cover Glasses 


Clay-Adams 

1961: 24 Mar., 805; 21 July, 157 
Thomas, Arthur H., Co. 

1961: 11 Aug., BC 


Microscope Eyepieces 


Brinkmann Instruments, Inc. 
1961: 17 Mar., 770 


Microscope Illuminators 


American Optical Co. 
1961: 3 Feb., BC; 17 Feb., BC 
Hacker, William J., & Co., Inc. 
1961: 20 Jan., 133;:°21 Apr. J259; 2 
July, 226 
Unitron Instrument Co. 
1960: 11 Nov., 1138; 30 Dec., 1908 
1961: 24 Mar., 784 


Microscope Objectives 


Brinkmann Instruments, Inc. 
1961: 12 May, 1496 
Zeiss, Carl, Inc. 
1960: 4 Nov., 1282 


Microscope Slides 


Clay-Adams 
1961: 24 Mar., 805; 21 Apr., 1185; 19 
May, 1529 


Microscope Slide Labels 


Professional Tape Co., Inc. 

1960: 14 Oct., 1022; 18 Nov., 1509; 9 
Dec., 1775 

1961: 6 Jan., 49; 3 Feb., 341; 5 May, 
1436; 19 May, 1641; 23 June, 2023; 25 
Aug., 567; 1 Sept., 625; 22 Sept., 849; 6 
Oct., 1015 


Microscopes, Electron 
See Electron microscopes 


Microscopes, Fluorescent 


American Optical Co. 
1960: 7 Oct., BC 
1961: 20 Jan., BC 

Brinkmann Instruments, Inc. 
1960: 30 Dec., IBC 

Galileo Corporation of America 
1961: 22 Sept., 890 

Leitz, E., Inc. 
1960: 4 Nov., IFC 
1961: 18 Aug., IFC 
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Modernize 
your laboratory 
with Cenco 


QUALITY EQUIPMENT 





HOT PLATE MAGNETIC STIRRER 


Combines an electric hot plate 
and magnetic stirrer which can 
operate independently or simul- 
taneously. Variable speed stirring 
is powerful enough to stir 250 ml 
beaker of pure glycerin. Heat con- 
trolled thermostatically. Top plate 
is 7%” of cast aluminum. 


No. 16632 


CYLINDRICAL OVEN 


An all-purpose, econom- 
ical, three-shelved oven for 
incubation, drying, sterili- 
zation or baking. Precise 
control of temperatures 
from 37° to 200°C, with var- 
iations as slight as 0.25° 
sensed by built-in thermo- 
regulator. Chamber dimen- 
sions are 14%” diameter, 
112" depth. Specify either 
115 or 230 volts. 

NG. G50Sl . occ 68s. $201.75 


CENCO-LERNER 
LAB JACK 
This precise, utility sup- 
port quickly adjusts 
through an elevation range 
of seven inches and will 
support 100 pounds. Par- 
ticularly useful for support- 
ing hot plates, oil baths, 
and for accurate position- 
ing of ground glass joints. 
A removable auxiliary plat- 
form, eight inches square, 
increases work area. Comes 


with 17%” support rod. 
WUO. 19088... .cec0 $38.75 





For further information on Cenco's complete line of laboratory 
equipment, teaching aids and scientific apparatus, contact your 
nearest Cenco salesman, or write. 


CEnCO 


CENTRAL SCIENTIFIC 


A Division of Cenco Instruments Corporation 
1700 Irving Park Road « Chicago 13, Illinois 





an a -r r Mountainside, N. J. Montreal Santa Clara 
Somerville, Mass. Toronto Los Angeles 

Quality Birmingham, Alo. Ottawa Vancouver Houston 
since 1889 Cenco S.A., Breda, The Netherlands Tulsa 
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FLUORESCENCE ml 
MICROSCOPY EZ 
INSTRUMENTS BE 


oy eer 


“ZETOPAN” 

RESEARCH MICROSCOPE 
With double lamp combin- 
ing tungsten filament with 
mercury vapor arc lamp 
for instantaneous transi- 
tion to fluorescence mi- 
croscopy and contrast 
fluorescence microscopy. 















UNIT “FLUOREX” 

Enclosed light path. Fluor- 
ex and microscope form 
an integral unit. Adapt- 
able to most microscopes. 
















“LUX uv” 

ILLUMINATOR 

Most economical fluores- 
cence light source. Can 
be used with all conven- 
tional microscopes. 





The precision and quality of REICHERT Fluorescence Micro- 
scopy Instruments are based on nearly a century of experi- 


ence by REICHERT in the optical field. 


Featuring the OSRAM HBO 200 Mercury Arc Lamp, all units 
have fingertip controlled illumination including centering 
device, quartz collector and field iris diaphragm. Lamp 
housings are reinforced cast aluminum and air-ventilated. 
Built-in slides accommodate ALL filters for general fluores- 
cence microscopy and the Antigen-Antibody Technique. 
A/C -D/C constant current power supply for increased 
light intensity. 

Ask for a demonstration or write for full particulars. 


Please inquire about our new—and still further improved— 
power-pack. 


WILLIAM J. HACKER & CO., INC. 








BOX 646 ® WEST CALDWELL, N. Jv. @ CAPITAL 6-8450 
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readings 
instantly 
Bg B= 


YSI Model 30 Price $250.00 


The YSI electronic micro-hematocrit 
is a complete, portable measuring sys- 
tem for a single instantaneous hema- 
tocrit measurement. You will also find 
it a useful and versatile auxiliary to 
your. laboratory-bound centrifuge 
equipment. 

The YSI Model 30 is particularly 
suited to emergency and operating 
room use and for bedside or outpatient 
analyses, It’s ideal for those situations 
requiring a series of accurate hema- 
tocrit readings in rapid succession. 

Based on the insulating character- 
istics of red blood cells, it uses a four 
transistor circuit powered from self- 
contained batteries to give direct read- 
ing hematocrit on .02 cc. of whole or 
heperinized blood. 

Weighs 242 lbs. 4” x 54%” x 6%”. 


Get complete specifications from 
your YS! dealer or write: 








a OW SP 0 
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Microscopes, Infrared 


Erb & Gray Scientific, Inc. 
1961: 25 Aug., 528 


Microscopes, Interference 


American Optical Co. 
1961: 26 May, BC 
Brinkmann Instruments, Inc. 
1961: 28 Apr., 1375 
Hacker, William J., & Co., Inc. 
1961: 21 July, 234 
Sobotka, Eric, Co. 
1961: 20 Jan., 213 


Microscopes, Medical 


American Optical Co. 

1961: 7 July, BC; 4 Aug., BC; 15 Sept., 
BC 
Cooke, Troughton & Simms, Inc. 

1960: 21 Oct., 1061; 11 Nov., 1347; 18 
Nov., 1453; 2 Dec., 1601 

1961: 20 Jan., 133; 17 Feb., 489; 24 
Mar., 897; 26 May, 1717 
Elgeet Optical Co., Inc. 

1y00:- 7 Oct., 914; 21 
Nov., 1278 
Ercona Corp. 

1960: 21 Oct., 1162 
Graf-Apsco Co. 

1960: 21 Oct., 1156 
Hacker, William J., & Co., Inc. 

1961: 24 Mar., 933 
Leitz, E., Inc. 

1960: 4 Nov., 1338 

1961: 3 Feb., 299; 17 Feb., IFC; 3 Mar., 
IFC; 17 Mar., IFC; 5 May, IFC; 4 Aug., 
IFC; 22 Sept., 845 
Technical Instrument Co. 

1960: 21 Oct., 1206 
Unitron Instrument Co. 

1960: 11 Nov., 1338; 30 Dec., 1908 

1961: 24 Mar., 784; 28 July, 244 
Wild Heerbrugg Instruments, Inc. 

1961: 16 June, 1935 
Zeiss, Carl, Inc. 

1961: 24 Mar., 817 


Oct., 1052;>4 


Microscopes, Metallurgical 


Bausch & Lomb Optical Co. 
1960: 4 Nov., 1284 
Cooke, Troughton & Simms, Inc. 
1960: 18 Nov., 1453 
Ercona Corp. 
1961: 24 Mar., 841; 22 
Hacker, William J., & Co 
1961: 21 July, 234 
Unitron Instrument Co. 
1960: 21 Oct., 1208; 11 Nov., 1338; 25 
Nov., 1566; 30 Dec., 1908 
1961: 20 Jan., 124; 26 
June, 1974 


Sept., 789 
¥, inc. 


May, 1666; 23 


Microscopes, Phase 


American Optical Co. 
1960: 2 Dec., BC 
1961: 14 Apr., BC 
Brinkmann Instruments, Inc. 
1961: 3 Mar., 650 
Galileo Corporation of America 
1961: 22 Sept., 890 
Hacker, William J., & Co., Inc. 
1960: 2 Dec., 1604 
1961: 21 July, 234; 18 Aug., 485; 22 
Sept., 895 





ISOTOPES 


for Your 
Development Work 








Oak Ridge National Laboratory offers 
more than 300 radioactive and stable 
isotope products. 


RADIOISOTOPES 


Processed Solutions —90 processed ra- 
dioisotopes may be obtained, including 
many carrier-free and high specific activ- 
ity products. 


Now Available — Scandium-46 at $150 a 
curie; sulfite-free I-131 at $2 per mc.; 
technetium (as element or ammonium 
pertechnetate) $100 a gram; calcium-47, 
with less than 5% Ca-45, $200 per mc.; 
| I-125 in research quantities. 


STABLE ISOTOPES 


More than 200 stable isotopes available 
| from 50 elements....Chemical processing 
| and target fabrication services also of- 
fered. ... Ultra-high isotopic purity ina 
| number of isotopes. 
For information or literature, write to: 
Isotopes Division, Oak Ridge National 
Laboratory, P.O. Box X, Oak Ridge, 
Tennessee. 
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_ 1961: 18 Aug., IFC 
Unitron Instrument Co. 
1960: 21. Oct., IBC; 11 Nov., 1338; 9 
Dec., 1728; 30 Dec., 1908 
1961: 17 Feb., 400; 24 Mar., 784; 14 
Apr., 1096; 28 July, 244; 18 Aug., 408; 22 
Sept., 752 


Leitz, E., Inc. | 


Microscopes, Polarizing 


American Optical Co. 

1960: 16 Dec., BC 

1961: 28 Apr., BC 
Hacker, William J., & Co., Inc. 

1961: 24 Mar., 825; 18 Aug., 485 
Leitz, E., Inc. 

1960: 4 Nov., IFC 

1961: 18 Aug., IFC 
Unitron Instrument Co. 

1960: 21 Oct., IBC; 30 Dec., 1908, 1910 

1961: 17 Feb., 400, 426; 12 May, 1492; 
21 July, 216; 18 Aug., 568; 22 Sept., 752 
Zeiss, Carl, Inc. 

1961: 17 Feb., 426; 21 Apr., 1174; 6 
Oct., 968 


Microscopes, Projection 


Brinkmann Instruments, Inc. 
1961: 14 Apr., 1138 

Elgeet Optical Co., Inc. 
1961: 21 Apr., 1256 

Hacker, William J., & Co., Inc. 
1961: 21 Apr., 1259 

Wild Heerbrugg Instruments, Inc. 


1961: 24 Mar., 903; 21 Apr., 1303; 16 | 


June, 1935; 18 Aug., 509 


Microscopes, Research 


American Optical Co. 

1961: 14 Apr., BC; 7 July, BC; 4 Aug., 
BC 
Cooke, Troughton & Simms, Inc. 

1961: 14 Apr., 1100; 16 June, 1861 
Ercona Corp. 

1961: 17 Feb., 434; 19 May, 1522 
Galileo Corporation of America 

1961: 22 Sept., 890 
Hacker, William J., & Co., Inc. 

[961: 13. Jan., 135; 17 Feb., 415; 21 
Apr., 1191; 18 Aug., 485 
Leitz, E., Inc. 

1961: 6 Jan., IFC; 19 May, IFC; 2 June, 
1732; 16 June, IFC; 6 Oct., IFC 
Unitron Instrument Co. 

1961: 17 Feb., 400; 24 Mar., 784; 14 
Apr., 1096; 18 Aug., 408 
Wild Heerbrugg Instruments, Inc. 

1961: 24 Mar., 903; 16 June, 1935; 21 
July, 203 
Zeiss, Carl, Inc. 

1961: 21 Apr., 1174; 14 July, IBC 


Microscopes, Stereo 


American Optical Co. 
1961: 3 Feb., BC; 23 June, BC; 1 Sept., 
BC ; 
Bausch & Lomb Optical Co. 
1960: 21 Oct., 1090; 18 Nov., 1458 
1961: 10 Feb., 356; 10 Mar., 667; 26 
May, 1676 
Cooke, Troughton & Simms, Inc. 
1960: 7 Oct., 972; 18 Nov., 1453 
Edmund Scientific Co. 
1960: 21 Oct., 1078; 25 Nov., 1519 
1961: 17 Feb., 410; 24 Mar., 829; 21 
Apr., 1186; 22 Sept., 781 
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SHADOGRAPH TYPE 4200 











Unequalled for versatility, 
speed and visible accuracy... 


SHADOGRAPH’ BALANCE SAVES TIME 
IN COUNTLESS LABORATORY USES 


FAST — The Shadograph comes to rest OTHER SHADOGRAPH 
almost immediately. MODELS 


EASY TO READ — Light-beam pro- 
jection indication provides a sharp 
shadow-edge reading on a frosted glass 
dial. Parallax reading is eliminated. 


WEIGHS OUT-OF-LEVEL — The 
Shadograph is easily moved from one 
location to another; it weighs accurately 
without leveling; and is unaffected by 
normal vibration. 





MODEL 4203B-TC-SA, 
RUGGED — The Shadograph is a pre- SMALL ANIMAL BALANCE 
cision instrument, sturdily constructed —"4 
and designed for utmost dependability 

in day-in-day-out laboratory use. 


Models are available with visible sensitiv- 

ity from one milligram (2000 milligrams 

capacity) to two grams (35 kilos capac- 

ity). We will be glad to demonstrate the 

time-saving advantages of the Shadograph 

in your laboratory. No obligation, of 
course. Write for our laboratory catalog. MODEL 4142, TISSUE 
AND TUMOR BALANCE 

THE EXACT WEIGHT SCALE CO. 

901 W. FIFTH AVE., COLUMBUS 8, OHIO 

In Canada: 5 Six Points Road, Toronto 18, Ont. 





Sales and Service Coast to Coast 

















Ercona Corp. 
1960: 21 Oct., 1162 

Leitz, E., Inc. 
1960: 21 Oct., IFC 

Scientific Glass Apparatus Co., Inc. 
1961: 17 Feb., 409 

Sobotka, Eric, Co. 

1960: 21 Oct., 1196; 18 Nov., 1505; 2 


Bausch & Lomb Optical Co. 
1960: 21 Oct., 1090 


June, 1792; 16 June, 1884. 
Ercona Corp. 
1961: 19 May, 1522 


Microscopes, Stereoscopic, Zoom 


Dec., 1683 Harshaw Scientific 
Unitron Instrument Co. 1961: 26 May, 1720 

1960: 7 Oct., 970; 21 Oct., IBC; 11 Scientific Glass Apparatus Co., Inc. 
Nov., 1338; 9 Dec., 1728; 16 Dec., 1847; 1961: 24 Mar., 948 


30 Dec., 1908 

1961: 27 Jan., 286; 17 Feb., 400; 10 
Mar., 717; 14 Apr., 1096; 21 Apr., 1292; 
19 May, 1637; 9 June, 1837; 7 July, 64; 
11 Aug., 400; 22 Sept., 752; 29 Sept., 954 
Wild Heerbrugg Instruments, Inc. 

1960: 21 Oct., 1165; 11 Nov., 1407 

1961: 20 Jan., 223; 17 Feb.,° 507; 24 
Feb., 593; 19 May, 1621 


Microscopes, Student 


American Optical Co. 
1961: 15 Sept., BC 
Bausch & Lomb Optical Co. 
1960: 16 Dec., 1796 
1961: 





id al=wr-Lexere | e-(e4') 
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New Nalgene graduated cylinders feature 
calibration to best glass standards, 
in accordance with federal specifications. 


New Nalge techniques give you accuracy never before 
possible in plastic, or even in glass, because now for 
the first time graduates can be molded to absolute uni- 
formity every time. You get finer calibration lines than 
ever before. Meniscus is flat, easy to read. Non- 
wetting walls contain and deliver the same amount 
of solution every time. 

Corrosion resistant, of course. Virgin polypropylene 
throughout, with stable octagonal base. No more loss 
of valuable contents and no dangerous 
acid splash through breakage. So next 
time you break a glass graduate, , 
replace it with Nalgene—complete oS anable 
line of sizes from 25 to 2000 ml. ”: 4Nd keeps 
Ask your laboratory supply dealer. laking them 


better! | 


Nalge 


th Makes 
vem UNbre 





Accuracy tested, accuracy proved! 


A random sampling by a nationally-known testing 
laboratory* shows new Nalgene graduates to be well 
within National Bureau of Standards Class A specifi- 
cations for accuracy. Actual calibrations found in 
tests on 50 ml graduates: 


nstrument 


*Name and data on request. 








New complete line catalog. WRITE Dept. 2110. 


*. THE NALGE CO., INC. 


ROCHESTER 2, NEW YORK 
The Quality Standard of Plastic Laboratory Ware 
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13 tan, 72; 28: Apr: 
May, 1558; 30 June, 2038; 28 July, 250 


1326; 


1961: 10 Mar., 667; 21 Apr., 1196; 9 


19 




















Cooke, Troughton & Simms, Inc. 
1961: 26 May, 1717 

Edmund Scientific Co. 
1960: 25 Nov., 1519 

Elgeet Optical Co., Inc. 


1960: 7 Oct., 
Nov., 1279 

1961: 24 Mar., 813; 7 Apr., IBC; 16 
June, 1870; 21 July, 138; 22 Sept., 792 
Graf-Apsco Co. 

1961: 13 Jan., 117; 17 Feb., 501 
Harshaw Scientific 

1961: 14 July, 117 
Leitz, E., Inc. 

1961: 2 June, 1732 
Unitron Instrument Co. 

1960: 14 Oct., 1024; 21 Oct., IBC; 28 
Oct., 1268; 9 Dec., 1728 

1961: 13 Jan., 111; 24 Feb., 594; 17 
Mar., 768; 7 Apr., 1040; 21 July, 244; 15 
Sept., 744 


914;. 21 Octi, 1032.4 


Microscopes, Television 


Elgeet Optical Co., Inc. 

1960: 18 Nov., 1455; 2 Dec., 1582; 19 
Dec., 1793 

1961: 20 Jan., 158; 17 Feb., 429 


Microscopes, X-ray 


Philips Electronics Instruments 
1961: 18 Aug., 483 


Microtome Knife Sharpener 


American Optical Co. 
1961: 6 Jan., BC; 9 June, BC 


Microtomes, Bone 


Bronwill Scientific, Div. of Will Corp. 
1961: 24 Mar., 925 


Microtomes, General Purpose 


American Optical Co. 
1961: 17 Feb., BC 

Brinkmann Instruments, Inc. 
1960: 2 Dec., 1699 

Hacker, William J., & Co., Inc. 
1961: 17 Feb., 531 


Microtomes, Refrigerated 


Hacker, William J., & Co., Inc. 
1960: 2 Dec., 1604 
1961: 17 Feb., 531 
International Equipment Co. 
1960: 25 Nov., 1516; 2 Dec., 1579; 23 
Dec., 1856 
1961: 3 Feb., 296; 28 Apr., 1319; 26 
May, 1669; 14 July, 74 
National Instrument Laboratories, Inc. 
1960: 21 Oct., 1121 


Microtomes, Ultra 


Cambridge Instrument Co., Inc. 
1961: 19 May, 1641 
Hacker, William J., & Co., Inc. 
1960: 2 Dec., 1604 
Leitz, E., Inc. 
1960: 21 Oct., 1216 
1961: 7 July, IFC; 21 July, IFC 
LKB Instruments, Inc. 
1960: 2 Dec., 1591 
1961: 20 Jan., 136; 17 Feb., 418; 19 
May, 1553 
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Precise Control } 
of Meniscus... 

Hamilton Pipets ¢ 

= pepet E. coli Salmonella Shigella Klebsiella 
Ofoyshm wove ENTEROPATHOGENIC 


Bethesda-Ballerup 


Antisera and Antigens 






Proteus Brucella Tularense 
Speed and accuracy is yours RICKETTSIAL 
with Hamilton Pipets and Pipet Streptococci Pneumococci Meningococci 
Controls. Here’s how : liquid is B. pertussis C. albicans Trichinella 
raised in the pipet by the dual H. influenzae Leptospira 





trol —first with fees ide C. Protein Antiserum and Standard 
control -—first wi ee sliding 

plunger to calibration line —then, 
Hamilton thumb-wheel control 


brings meniscus precisely to scribe 


Infectious Mononucleosis Antigens and Standards 
Fluorescent Tagged Antibodies and Reagents 
line... fast, and yet accurate ! 


3 = |_| Potent 
Quality made of fine glass and oF g hi 
steel... easy to use, fast, | A la 3 


precise ...the accepted standard 
in laboratory research. 





Specific 
Descriptive literature available on request 


FREE LITERATURE on | 7 
| Specify 














Pipet Controls, just clip 
™ ec om ~ your letterhead DIFCO LABORATORY PRODUCTS 
© and mail. 
| BIOLOGICS CULTURE MEDIA 
HAMILTON COMPANY, inc. | REAGENTS 


P.O. Box 307-K, Whittier, California 


FOR IRRADIATION RESEARCH 











GAIMMACELLS ait 


safe and simple, offer Cobalt 60 GAMMA RADIATION with dose rates 
up to 2 MILLION R/Hr., without altering your present Laboratory. 
-Chamber sizes up to 6" in diameter and 8" in height. Solids, liquids or 
gasses can be irradiated. Your choice of 3 standard models or, have a 


Gammacell custom built for your particular requirements. 








Now used by 30 Centers of Research in 12 different countries for basic 
and applied research in Chemistry, Food, -Medicine, Agriculture, 
Biology, Electronics, Metals, Textiles, Glass, Plastics. 


GAMMACELLS are compact, efficient and low in cost — Can be operated 


by technicians — No special skills required. 

















Be ready for TOMORROW'S RESEARCH by writing 
for complete information TODAY. 























Pweel, ilom =, | le) me) mes. \ 7 Vey elie) 


Commercial Products Division - P.O. Box 93 + Ottawa - Canada 


Sales and service representation 
in over 100 countries, 
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VARIABLE 
SOLID STATE 


POWER REGULATOR 


. for manual or remote control of 
a-c power to electrical loads. 


LABAC, a lab sized a-c power regulator, 
replaces either a variable transformer or 
saturable core reactor. 


COMPACT— Weighs only 7% pounds. 
Takes less space than a telephone. 


VERSATILE — May be adjusted manually or 
by remote control. Signal variation from 
0 to 5 ma proportions output from zero to 
full power (power gain: one million). Can 
also be used as a silent ON-OFF controller 
triggered by 5-ma signal. 


DURABLE—No moving parts or vacuum 
tubes, just a magnetic amplifier and two 
silicon controlled rectifiers. 


CONVENIENT — Operates on 115 or 230- 
volt 60-cycle line, rated for 20-amp. load. 


FAST RESPONSE — Within one cycle of line 
frequency. 


APPLICATIONS — Stage light dimming 
Experimental apparatus ¢ Laboratory 
ovens and kilns @ Sales demonstrators. 





Other R-I power regulators have ca- 
pacities up to 800 amps. 


nx RESEARCH 


a INCORPORATED 
Write P. 0. Box 6164V, Minneapolis 24, Minn. 
1290 








Schuco Scientific, Div. of Schueler & Co. 
1960: 11 Nov., 1427 
Sorvall, Ivan, Inc. 
1961: 21 July, 148; 
Sept., 771 


18 Aug., 479; 22 


Microwave, Power Generator Systems 


Raytheon Co. 


1960: 21 Oct., 1032; 11 Nov., 1336 

1961: 20 Jan., 222; 17 Feb., 506; 24 
Mar., 930; 16 Apr., 1277; 19 May, 1627; 
16 June, 1952; 18 Aug., 498 


Mills, Colloid 


Gifford-Wood Co. 


1961: 16 June, 1944 


| Mixers, Test Tube 


See Test tube mixers 


Models, Crystal Lattice 


Bronwill Scientific, Div. of Will Corp. 
1960: 18 Nov., 1505 
1961: 21 Apr., 1270; 

Central Scientific Co. 


18 Aug., 493 


1961: 19 May, 1649; 22 Sept., 847 
Ealing Corp. 

1961: 7 July, 58 
LaPine, Arthur S., and Co. 

1960: 21 Oct., 1160 
Will Corp. 

1961: 12 May, 1491; 22 Sept., 877 


Moisture Determinators 


Nuclear-Chicago Corp. 
1960: 28 Oct., BC 
1961: 27 Jan., BC 

Scientific Glass Apparatus Co., Inc. 
1961: 19 May, 1506 


Monitors, Radiation 


Atomic Accessories, 
1961: 22 Sept., 798 
Lionel Electronic Laboratories 


Inc. 


(formerly 


Anton Electronic Laboratories, Inc.) 
1960: 21 Oct., 1149 
1961: 21 Apr., 1283 


Technical Associates 
1960: 21 Oct., 1036 


Monochromators 


Bausch & Lomb Optical Co. 
1961: 8 Sept., 642 
Farrand Optical Co., Inc 
1960: 7 Oct., 965 
Photovolt Corp. 
1961: 10 Mar., 712; 26 May, 1723 
Rudolph, O. C., & Sons, Inc. 
1961: 17 Feb., 512 


Mortars and Pestles 


Coors Porcelain Co. 
1961: 21 July, 216 


Motors, Variable Speed 


Bel-Art Products 

1961: 17 Feb., 521 
Heller, Gerald K., Co. 

1961: 20 Jan., 207; 17 Feb., 509; 21 
Apr., 1281; 19 May, 1644; 16 June, 1941; 
21 July, 209; 18 Aug., 481; 22 Sept., 871 








data recorders 
expensive ? 








not any more 


now, Mnemotron gives 
you a complete, easy- 
to-use 4-channel analog 
tape record/reproduce 
system with 0.2% precision 


for only vr F A495 


Complete with 10'2% me tape 

transport, rack mounted 

Mnemotron offers a unique pulsed 
FM principle and fully transistorized, 
self-contained unit that records all an- 
alog data * data acquisition * storage, 
analysis and reduction * time scale 
contraction and expansion * program- 
ming * computer read IN and read 
OUT °* dynamic simulation. With 
Mnemotron, you can do more with 
paper recorders . . . expanding fre- 
quency response and channel capac- 
ity, saving you from being deluged 
with data, permitting you to look at 
the same data at different time scales. 
Model M204 features: 


Any 2 adjacent speeds: 334, 72, 15 ips. 
Added low speed available on special 
order. 


Frequency Response: 











® DC—800 cps @ 15 ips 
* DC—400 cos @ 712 ips 
® DC—200 cps @ ie a 


Linearity: 0.2% full s 

Noise: Less than — 50 rs full scale. 

Crosstalk: below 70 db. 

Extended range systems also available. 
Write, wire, phone today for 

ee details, 


/-MINEM ° me “TRON 





ocr cision analog data tape recorders and bio- 
ogical computers 


39 South Main Street, Pearl River, N. Y. 
® PEarl River 5-4015 (914) 
*® Cables: Mnemotron 
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Microwave Spectrometers 


Strand Labs., Inc. 
1961: 6 Oct., 1018 


KEWAUNEE SAVES 304 


Multichannel Analyzers 
See Pulse height analyzers 


Needle Valves, Teflon a a of, Contlitionede 
———— a oa 
Greiner, Emil, Co. = : 
a Cabouatory We 
ee i ee 


1961: 21 July, 140 

Kewaunee Auxiliary-Air Type Airflow 
Fume Hoods operate on a ratio of 50% 
room air and 50% auxiliary air. When oper- 
ating at the minimum face velocity of 50 FPM, 
these hoods exhaust only 25CFM of air per 
square foot of sash opening from the labora- 
tory, with the other 25CFM of air per square 
foot of sash opening obtained from an auxiliary 
air source. 
An additional advantage only available with 
Kewaunee Auxiliary-Air Type Airflow Fume 
Hoods is that ai/ air (both room and auxiliary) 
enters through the hood face and is virtually 
100% effective in sweeping fumes back to the 
baffle exhaust openings. 


Write for complete information on these Air- 
flow Fume Hoods today! 


Needles, Special Purpose 





«Hamilton Co., Inc. 
1961: 12 May, 1448 





Nephelometers 


Coleman Instruments, Inc. 

1961: 16 June, 1879; 21 July, 135 
Klett Manufacturing Co. 

1961: 5 May, 1433 


Neutron Sources 


1961: 20 Jan., 219 
High Voltage Engineering Corp. 

1960: 16 Dec., 1794 

1961: 20 Jan., 162; 23 June, 1978 
Lionel Electronic Laboratories (formerly 
Anton Electronic Laboratories, Inc.) 


Pp Atomic Accessories, Inc. 


1961: 19 May, 1617; 21 July, 207 General Sales Office dete: < < oo 
Nuclear-Chicago Corp. 3038 W. Front St. ADRIAN, MIGHIGA 
1960: 25 Nov., BC; 23 Dec., BC Statesville, N. C. KEWAUNEE TECH 

1961: 24 Feb., BC;-8 Sept., 634, 635 STATESVILLE 





Nitrogen Analyzers 





ion Coleman Instruments, Inc. " . 
1961: 19 May, 1546 

ter til New colloid mill for 
1960: 11 Nov., 1349 


1961: 9 June, 1789 25 to 75 ml batches 


ROTOR CUP: 






















lsed 

Nuclear Magnetic Resonance Equipment ‘ ‘ - 
_ 8 _ MINI-MILL macerates, homogenizes, emulsi- 5 
age, par Ra Sage fies... for research in cosmetics, pharmaceu- ‘ ahs q 
cale ° ug., <4 8 ° PAT : , . ” ws 2 q q 
-am- Picker X-Ray Corp. ticals, paint, resins, coatings, polish, ink, 3 
send 1960: 21 Oct., 1073 soap ...also bacteria, tissues, cells. 

‘ s 35 
MINI-MILL provides intense mechanical shear by } 
ym Operating Equipment, Animal blades on the bottom of the rotor (see drawing) and 1 
pac- io cutting edges of serrations on rotor and stator, also ] 
uged Aloe Scientific hydraulic shear as material is forced through a fine i } 

k at 1961: 18 Aug., 499 gap, 3 to 125 mils, adjustable while running. Self cir- . 
ales. culating. Also used with 120 u diam. glass beads for 
Oscilloscopes further breakdown. 
So. Welch, W. M., Scientific Co. Rotor speed: 0 to 22000 rpm with variable trans- 2 
1961: 2 June, 1779 former. Mixing cups are immersed in cooling water x 
in a steel container (not illustrated). Micrometer gap } 
adjustment. Contact surfaces are stainless steel. Ports i 
haartenatian for introducing or removing material without remov- a 
Mechrolab, Inc. ing cup... also for steam or inert gas. Quickly disas- | 
ble 1960: 21 Oct., 1148; 11 Nov., 1406; 9 sembled for sterilization. Overall-height—approx. 15”. \ 
Dec., 1776 MICRO-MILL for 150 ml to 2 liters. Same principle 
as MINI-MILL but with 1 gal. hopper with recirculat- 
Ovens, Laboratory, General Purpose ing pipe, jacket and removable internal cooling coil. 
Central Scientific Co. Send for free catalogs 
1961: 16 June, 1939 , 
Despatch Oven Co. G/FFORD - fyo0a Co. 
i Hn BOT cathe g Dept. $10 + Eppenbach Division + Hudson, N. ¥ 
nd blow 1961: 20 Jan., 210; 19 May, 1624 beth ony appear wets 
N. Y. Electric Hotpack Co., Inc. Eppenbach colloid mills, homogenizers, homogenizer-mixers 
1961: 20 Jan., 227; 24 Mar., 925 =... for laboratory, pilot-plant and large-scale production. 
20 OCTOBER 1961 i 1291 
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Service 





SPECTROPHOTOMETERS 


We are proud to introduce the 
most reliable spectrophoto- 
meters ever designed— 
UNICAM. There is a range of 
models for the ultra-violet, visi- 
ble and infra-red regions, as well 
as flame-emission. 

The accuracy and versatility 
of UNICAM is unequaled. Fin- 
est parts, optical systems and 
wiring circuits have been as- 
sembled by skilled English 
craftsmen under rigid super- 
vision. You get steady, consist- 
ent operation never before com- 
bined with such pin-point accu- 
racy. Here at WACO we now 
have the parts, accessories and 
the service to offer you the 
world’s finest spectrophoto- 
meters. 

Write for UNICAM Booklet N 
describing All Models. 


Exclusive Midwest Distributors 


WILKENS-ANDERSON 
4525 W. Division Street 


Chicago 51, Illinois 
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co. 





Fisher Scientific Co. 

1960: 2 Dec., 1588 
Precision Scientific Co. 

1960: 21 Oct., 1164 
Scientific Glass Apparatus Co.. 

1960: 21 Oct., 1059 


Temperature Engineering Corp. 


1961]: 21 July, 214 


Ovens, Paraffin 


Will Corp. 
1961: 12 May, 1491 


Ovens, Vacuum 


National Appliance Co. 
1960: 11 Nov., 1416 


Temperature Engineering Corp. 


1961: 19 May, 1650 


Oxygen Analyzers 


Beckman Instruments, Inc. 
1960: 14 Oct., 1018 
1961: 6 Jan., 56; 28 Apr., 
Fisher Scientific Co. 
1960: 11 Nov., 1349 
1961: 9 June, 1788 
Gilson Medical Electronics 
1960: 30 Dec., 1947 
1961: 19 May, 1654; 
Paint, Heat Sensitive 
Curtiss-Wright Corp. 
1960: 2 Dec., 1672 


Particle Size Analyzers 


Coulter Electronics, Inc. 
1961: 24 Mar., 958 
Dietert, Harry W., Co. 
1960: 21 Oct., 1200 
1961: 17 Feb., 500 
Zeiss, Carl, Inc. 
1960: 21 Oct., 1043 
1961: 6 Jan., 6; 19 May, 


Perimeters 





Phipps & Bird, Inc. 
1961]: 18 Aug., 511; 22 


Petri Dishes, Plastic 


Falcon Plastics 
1960: 21 Oct., 1037 
Scientific Products, 
Hospital Supply Corp. 
1961: 24 Mar., 798 


PH Electrodes 


Beckman Instruments, Inc 
Process Instruments Div. 


1960: 11 Nov., 1430 


pH Meters 


Analytical Measurements, Inc. 
1961: 6 Oct., 1016 

Beckman Instruments, Inc., 

Process Instruments Div. 
1960: 18 Nov., 1451 
1961: 17 Feb., 492; 10 

Apr., 1279 

Brinkmann Instruments, Inc. 
1960: 14 Oct., 980; 4 Nov., 
1961: 22 Sept., 847 


29 Sept., 


Sept., 


Mar., 


Inc 


IFC 


904 


1518 


879 


Div. of American 


, Scientific and 


Scientific and 


672; 21 
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OXFORD BOOKS 
OF EXCEPTIONAL INTEREST 





THEORY OF DIRECT 
NUCLEAR REACTIONS 


By WILLIAM TOBOCMAN. 
Here is a detailed and coherent 
presentation of the theory of 
direct nuclear reactions at inter- 
mediate energies. The bulk of the 
discussion is based on the Born 
approximation and distorted wave 
Born approximation treatments. 
18 text figures. (Oxford Library 
of the Physical Sciences) $2.40 


AN INTRODUCTION TO THE 
THEORY OF VIBRATING 
SYSTEMS 


By WILLIAM G. BICKLEY. 
This is a description of the prin- 
ciples which underlie the behav- 
ior of systems exhibiting vibra- 
tory or wave motion and an 
explanation of the mathematical 
concepts and techniques that are 
useful for the study of these 
systems. $4.80 


APPLIED ANISOTROPIC 
ELASTICITY 


By R. F. S. HEARMON. A study 
of phenomena having applica- 
tions to such materials as wood, 
plywood, laminated plastics, and 
stiffened plates under such head- 
ings as Fundamentals, Elastic 
Constants of Single Crystals, 
Sheet Materials and Polycrystal- 
line Aggregates, Some Simple 
Stress Systems, Wave Propaga- 
tion, and Anisotropic Plates. 4 
plates. $5.60 


THE THIRD LAW OF 
THERMODYNAMICS 


By JOHN WILKS. This is a con- 
cise examination of the Third 
Law of Thermodynamics and its 
wide range of applications in low 
temperature physics and chemis- 
try, including a treatment of the 
necessary statistical mechanics. 
41 text figures; indices. $2.40 


At all bookstores 


OXFORD UNIVERSITY PRESS 


417 Fifth Avenue, New York 16 
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Cambridge Instrument Co., Inc. 
1960: 2 Dec., 1682 
1961: 17 Feb., 494 
Coleman Instruments, Inc. 
1960: 21 Oct., 1082; 11 Nov., 1355 
1961: 20 Jan., 154; 21 Apr., 1189; 22 
Sept., 779 
Harshaw Scientific 
1960: 28 Oct., 1266 
Leeds & Northrup Co. 
1960: 21 Oct., 1040 
Photovolt Corp. 
1960: 21 Oct., 1179 
1961: 18 Aug., 491; 22 Sept., 849 
Radiometer 
1960: 11 Nov., 1345 
1961: 22 Sept., 786 
Riseman Development Laboratory 
1960: 21 Oct., 1166 


Photometers, Light-Scattering 


Phoenix Precision Instrument Co. 
1960: 21 Oct., 1186; 9 Dec., 1781 


Photometers, Multiplier 


Beckman Instruments, Inc., Scientific and 
Process Instruments Div. 

1961: 23 June, 2024 
Farrand Optical Co., Inc. 

1960: 21 Oct., 1183 
Photovolt Corp. 

1960: 7 Oct., 967; 9 Dec., 1775 

1961: 30 June, 2075; 28 July, 289; 8 
Sept., 683 


Photomicrographic Equipment 


American Optical Co. 

1960: 21 Oct., BC; 18 Nov., BC; 2 Dec.. 
BC: 16 Dec., BC 

1961: 17 Fed: BC: Ph Mat... Be. 5) 
Mar., BC; 14 Apr., BC; 7 July, BC; 15 
Sept., BC 
Hacker, William J., & Co., Inc. 

1960: 2 Dec., 1604 

1961: 18 Aug., 485 
Kling Photo Corp. 

1960: 21 Oct., 1184 
Leitz, E., Inc. 

1960: 14 Oct., 986 

1961: 15 Sept., IFC; 6 Oct., IFC 
Photovolt Corp. 

1961: 27 Jan., 287 
Rosenthal, Paul 

1961: 24 Mar., 926 
Unitron Instrument Co. 

1960: 21 Oct., IBC 

196/: 10 Feb., 388 
Wild Heerbrugg Instruments, Inc. 

1960: 2 Dec., 1675 

1961: 21 July, 203; 22 Sept., 857 
Zeiss, Carl, Inc. 

1961: 24 Mar., 817; 14 July, IBC 


Photomicrographic Exposure Meters 


Leitz, E., Inc. 

1961: 1 Sept., IFC 
Photovolt Corp. 

1960: 21 Oct., 1265 ~ 

1961: 17 Feb., 769; 5 May, 1433; 23 
June, 2027 


Photomicrography, Stereo 


American Optical Co. 
1960: 4 Nov., BC 
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Lourdes 


' 






% 


to SPIN 
e 1500 mi. at 60,000xG 
e 3300 mi. at 33,000xG 


with AUTOMATICALLY 
CONTROLLED TEMPERATURES 
> down to -20 C 


Also spins 


800 ml. at 61,500xG 


e Temperature range 
—20°C to 40°C 

e Patented “Roto-Air” 

refrigeration system 


e 1-HP Universal motor 


e High-Vacuum pump— 
evacuates chamber in 
only two minutes 

e 800 mi. (16 x 50 mi.) 
at 61,500 x G 

e Slant-O-Matic control 
panel 

e Fully Automated with 
push-button operation 

e Electro-dynamic brake 


e Automatic self- 
centering drive 

e Exclusive Flex-O-Matic 

U ut RA rotor support system 

SUPERSPEED 


YA) Woo ce 


=" VACU-FUGE 


with exclusive 


e@ One year warranty 


* Vacu-Fuge ...a coined 
name by Lourdes Instrument 
Corp., denoting superspeed 
centrifuges operating under 
vacuum. 


SLANT-O-MATIC KEYBOARD 


The most versatile, superspeed 
vacuum centrifuge ever offered. 
Accommodates six interchangeable 
rotors. Designed for large or small 
volume, high or low force centri- 
fugation. New patented refrigera- 
tion design and other exclusive 


features give performance that far 
exceeds anything previously avail- 
able. Write today for Bulletin VA-2. 


VA-2 speeds your work safely and 
dependably. Built for years of 
rugged service. 


MAIL COUPON TODAY 


























gp LOURDES INSTRUMENT CORP., Div. of Labline, Inc., 656 Montauk Ave., Brooklyn 8, N.Y. 
| i 
¥ Please send me VACU-FUGE Bulletin VA-2 Dept. SC-101 : 
~ Name i 
4 Title a 
: Activity - 
| Address i 
i City Zone State ' 
4 | 
? om om om oe ee ee eee ee ee ee ee ee ee ee ee ee ee es ee ee 
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Photomultiplier Tubes 


CBS Laboratories 
1960: 21 Oct., 1160 
1961: 20 Jan., 199; 22 Sept., 896 
Radio Corporation of America 
1960: 30 Dec., BC 


Physiological Teaching Equipment 
Harvard Apparatus Co. 
1960: 11 Nov., 1413 


Pipette Fillers 


Instrumentation Associates 
1961: 2 June, _1778 


Pipette Jars, Plastic 


Nalge Co., Inc. 
1961: 24 Mar., 921 


Pipette Pluggers 


Bellco Glass, Inc. 
1961: 21 July, 231; 4 Aug., 347; 18 
Aug., 491; 22 Sept., 871; 6 Oct., 1021 


Pipettes, Automatic 


Kimble Glass Co. 
1961: 17 Feb., IBC 
Lapine, Arthur S., & Co. 
1960: 2 Dec., 1683 
1961: 17 Feb., 534; 21 July, 222 





* 
Now 
10 second photo-micrography 
with ROMICRON equipment 
utilizing the POLAROID Land 
Camera back — 2% x 3%. Fits 
directly en your microscope 
including Stereo-Zoom 


: “a 
/ 


Attachments available for Bausch & Lomi; 
model “N” cameras, Leitz Ibso & Makam 


Beamsplitters 


For literature write to 
PAUL ROSENTHAL 
505 5th Avenue 


New York 17, New York / 
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Schuco Scientific, Div. of Schueler & Co. 
1960: 25 Nov., 1563 

Scientific Industries, Inc. 
1960: 2 Dec., 1708 
1961: 19 May, 1659 


Pipettes, Hand 


Bellco Glass, Inc. 

I961:. 3 "Reb. 335% 17 Fep.; 532; 310 
Mar., 713; 7 Apr., 1085; 19 May, 1610 
Hamilton Co., Inc. 

1961: 16 June, 1930 
Kimble Glass Co. 

1961: 17 Feb., IBC; 19 May, IBC; 16 
June, IBC; 21 July, IBC; 15 Sept., IBC 
Thomas, Arthur H., Co. 

1961: 16 June, BC 


Pipettes, Micro 


Hamilton Co., Inc. 
1961: 12 May, 1448 
LaPine Scientific Co. 
1961: 21 July, 222 
Research Specialties Co. 
1961: 12 May, 1495 
Thomas, Arthur H., Co. 
1961: 14 July, BC 


Plant Growth Chambers 


Percival Refrigeration & Manufacturing 
Co. 

1961: 24 Mar., 914; 22 Sept., 854 
Sherer-Gillett Co. 

1961: 24 Mar., 949 


Plastic Ware, Laboratory 


Falcon Plastics 
1960: 21 Oct., 1037 
Nalge Co., Inc. 
1960: 21 Oct., 1072 
U.S. Stoneware 
1961: 24 Mar., 916; 19 May, 1615; 22 
Sept., 864 


Polariscopes 


Bethlehem Apparatus Co., Inc. 
1960: 21 Oct., 1187 


Polarimeters 


Kern Co. 

1960: 7 Oct., 964 
Zeiss, Carl, Inc. 

1961: 11 Aug., IBC 


Polarographic Analyzers 


American Optical Co. 
1961: 12 May, BC 
Leeds & Northrup Co. 
1960: 21 Oct., 1040 
London Co. 
1961: 19 May, 1550 
Sargent, E. H., & Co. 
1960: 11 Nov., 1365 
1961: 20 Jan., 153; 24 Mar., 814; 21 
July, 142 
Standard Scientific Supply Corp. 
1961: 21 July, 230 


Polaroid Filters 


Pioneer Scientific Corp. 








1960: 14 Oct., IBC; 11 Nov., 1358 
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Sigma is pleased to announce 


SIALIC ACID 


(N-ACETYL NEURAMINIC ACID) 
Subject to availability, we offer limited 


amounts of this interesting compound. 





PEROXIDASE 
GLUCOSE OXIDASE 


Sigma offers many purities and activities at prices guaranteed 
to please. 


Our Peroxidase is offered in purities from approximately 1500 
units per gram to 100,000 units per gram. (one gram — one 
micromole of glucose converted to gluconic acid per minute at 
35°C.) 





RIBONUCLEASE 


5 x Crystalline and Chromatographed 


Inquiries are invited for high purity preparations. We 
believe that Sigma Ribonuclease is generally acknowl- 
edged to be the finest available for the current 
studies of structure and ultimate purification. 


Your assistance will help us continuously improve the 
homogeneity of our Ribonuclease. 





Our April 1961 Catalog has been distributed. Let us know if 
you ‘did not receive a copy. Be sure to give the name of your 
laboratory. 





CALL US COLLECT AT ANY TIME, JUST TO GET ACQUAINTED 


CS 


The Research Laboratories of 


SIGMA 


CHEMICAL COMPANY 


Day, Station to Station, 
PRospect 1-5750 

Night, Person to-Person, 
Dan Broida, WYdown 3-6418 





DOH STAT 


...AND 
TITRATION CURVES 





























3500 °DEKALB ST., ST. LOUIS 18, MO., U.S.A. 


MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 


® 
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Fully automatic recording of titrant 
volume as a function of time, and 
only new Metrohm equipment has these 


EXCLUSIVE FEATURES: 


1) Micro and macro assemblies including 
interchangeable burette cylinders 
with capacities from 1.0 to 50.0 ml. 


2) Dosaging sensitivity 0.001 pH 


3) Switch-over system for different 
recorder speeds 


4) Built-in magnetic stirrer 


5) Temperature controlled titration 
vessels for minimum volumes of 0.5 ml. 


6) Complete line of micro and macro 
electrodes 


7) Recording on single sheets 
or strip chart 


Write for descriptive catalog No. T78TC 

















BRINKMANN INSTRUMENTS, INC. 115 cutter mitt Road, Great Neck, New York 


PHILADELPHIA CLEVELAND HOUSTON MIAMI MENLO PARK. CAL. - ST. LOUIS 
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free! 1961-62 
COLE-PARMER 


Scientific Equipment 
Catalog! 


MANY NEW 
INSTRUMENTS! 
Recently Designed 

Test Proved! 


ee ed 


x EQUIPMENT 


.. GENERAL RESEARCH 
.. QUALITY CONTROL 
. . BBOCHEMISTRY 

. CLINICAL ANALYSIS 


. PILOT PLANT AND 
PRODUCTION 
OPERATIONS 











Latest information, illustrations, current prices on 


* INSTRUMENTS 


x APPLIANCES 


New... filled with facts! ...easy to use! 
Organized to meet your needs quickly, 
accurately. Shows latest designs, newest 
improvements and modifications—pro- 
vides exceptionally detailed specifica- 
tions on items you need. It’s a “must” 
for your reference shelf! 


Send for your FREE Scientific Equipment Catalog, today! 


COLE-PARMER INSTRUMENT & EQUIPMENT CO. 
7330 N. Clark Street * Chicago 26, Illinois 














with 


FROM 
YOUR 
DEALER 


Asbestos Work Board 
Hot Glass Rest 
Sharp Flame Hand Torch Vernier Calipers 
Torch Stand 
Blowhose (2 extra 
mouthpieces) 
Spandle 

Carbon Fiat 


Twin Tubing (2 


Carbon Hex (2 
Crayon (2) 





Didymium Goggles 
Tungsten Carbide Knife Wire Screen (3 pieces) 


Rollers (dual purpose) 


CTT] BETHLEHEM GLASSBLOWING KIT 


MANUAL 


for Chemists, Physicists, Engineers and Others To Construct, Repair, 
Modify Apparatus Systems, Glass to Metal Seals 


Write for 
Bul. K-60 


The Bethlehem Glassblowing KIT Contains 


sizes) Assorted Corks Brass Shaper 
Asbestos Paper (2 sizes) Beeswax 

Carbon Rods (2 sizes) Tungsten Tool 
Sodium Nitrite 
Tweezers (2 sizes) Pluro Stopper 
Ribbon Fire (gas-oxygen) Metal Kit Box 
Ruler Manual 


sizes) 


A BETHLEHEM APPARATUS COMPANY, INC. 











HELLERTOWN, PA. 














Polishers, Electrolytic 


Ercona Corp. 
1961: 24 Mar., 841; 22 Sept., 789 


Porcelain Ware, Laboratory 


Coors Porcelain Co. 
1961: 20 Jan., 200; 19 May, 1656; 22 
Sept., 868 


Potentiometers 


Leeds & Northrup Co. 
1960: 21 Oct., 1040 


Power Supplies, High Voltage 


Harvey-Wells Corp. 
1961: 19 May, 1523 
Mikros Inc. 
1961: 21 July, 236 
Servonuclear Corp. 
1960: 21 Oct., 1156 
1961: 26 May, 1726 
Zeiss, Carl, Inc. 
1960: 7 Oct., IBC 
1961: 16 June, 1873 


Power Supplies, Low Voltage 


National Instrument Laboratories, Inc. 
1960: 21 Oct., 1121 

Philbrick, George A., Researches, Inc. 
1961: 18 Aug., 478 

Phipps & Bird, Inc. 
1961: 21 Apr., 1305; 28 Apr., 1371 


Precipitators, Thermal 


Ficklen, Joseph B., III 
1961: 6 Oct., 1018 


Projectors, Opaque 


Edmund Scientific Co. 
1961: 20 Jan., 151 


Protein Analyzers 


Bausch & Lomb Optical Co. 
1961: 17 Feb., 550; 24 Mar., 848; 5 
May, 1394; 4 Aug., 302 
Laboratory Construction Co. 
1960: 21 Oct., 1197 
Technicon Chromatography Corp. 
1961: 24 Mar., 905; 21 July, 226 


Protein Meters 


Bausch & Lomb Optical Co. 
1960: 30 Dec., 1912 
1961: 22 Sept., 802; 6 Oct., 972 


* Pulse Generators 


Radiation Instrument Development 
Laboratory, Inc. : 
1960: 21 Oct., 1042 


Pulse Height Analyzers 


Baird Atomic, Inc. 
1960: 21 Oct., 1083 
1961: 16 June, 1853 
Hamner Electronics Co., Inc. 
1961: 22 Sept., 892 
Nuclear-Chicago Corp. 
1961: 19 May, BC 
Radiation Counter Laboratories, Inc. 
1961: 16 June, 1A 
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MICROMANIPULATOR 
“CAILLOUX” 















let Keystone solve your laboratory animal 
caging problems. Competent engineering and 
design service is always available for those 
specialized conditions that cannot be covered 
by our full line of Acrylic Plastic, Aluminum 
Alloy and Stainless Steel animal and rodent 
cages. 


Be sure your library has a copy of our latest 
illustrated catalog containing all the technical 
information on this complete line of caging 
ond those invaluable accessory items for con- 
venience and labor saving operation. 


Unmatched flexibility of movements in all directions in space are 
achieved by natural hand movements under magnifications of 
100 X to 2000 X without adjustment. The “Cailloux" advanced 
design combines maximum speed, precise response and stability 
with unusual ease of operation. Back-lash, parasitic vibrations 
and lag are eliminated. Prolonged manipulations can be con- 
ducted without fatigue. Includes many additional exclusive features. 


LOW IN PRICE 


maCcC7AON RP FECZPS 


Write for Additional Information 


One Ryu. Se C. H. STOELTING COMPANY 


Micro-Forge, Analytical Balances, Stereotaxic Instruments, 
pcialists in Scientific Plastic Processing Kymographs, Polygraphs, Strip Chart Recorders, Microscopes. 


ong eset yalinns ae Raima Milaaariate | 424 NORTH HOMAN AVE., CHICAGO 24, ILL. 


Presenting the Werldi Ginst and Ginest | Foss 
AUTOMATIC RECORDING eee Fe 
SPECTROPOLARIMETER 


=" 
ated 














FOR ROTATORY DISPERSION AND OPTICAL ROTATION KINETICS » 
@ NOW AVAILABLE IN 8 FORMS AS FOLLOWS: 
WAVELENGTH RECORDER CHART 

RANGE RANGES WIDTH HEIGHT 

mu angular degrees mm. mm. 
200-450 +2°, 20° & 200 500 1000 
200-450 +1°, 10° & 100 500 500 
200-700 +2°, 20° & 200 500 1000 
200-700 +1°, 10° & 100 500 500 
190-600 +2°, 20° & 200 500 1000 
190-600 +1°, 10° & 100 500 500 


BASIC SENSITIVITY: 0.001°. are 


ZERO OPTICAL ROTATION POSITION 
is adjustable along vertical recorder axis 


e NINE SCANNING SPEEDS aa 

REFERENCES: 

1. Chemical & Engineering News, Vol. 39, pps. 88-94, Aug. 
21, 1961. 





e WAVELENGTH AND TIME-BASE DRIVES 


° . 2. Endeavor, Vol. 20, pps. 138-145, July, 1961. 
are easily intercliangeable. 


3. Science, Vol. 134, pps. 649-655, Sept. 8, 1961. 


RUDOLPH INSTRUMENTS ENGINEERING CO., INC. 


P. O. Box 265 LITTLE FALLS NEW JERSEY U.S. A. 


OFFICE: TELEPHONE: 
61 Stevens Ave. at Walnut St. CLifford 6-1491 
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eK LATTE 
HIGHLY ACCURATE y | 
= LAAT ATT 


MOISTURE 
ANALYSIS 





with the NEW *2171 
DIETERT-DETROIT 
MOISTURE TELLER 





The new compact Moisture Teller No. 
277 reaches a preset drying tempera- 
ture faster than any similar unit avail- 
able today. High static pressure from a 
high speed blower removes free moisture 
in any material—solid, granular, liquid 
or semi-liquid. Produces an absolute 
analysis. No calibration required. A 
real aid to quality and cost control 
in processing foodstuffs, fibres, chem- 
icals, soaps and many other materials. 


12 Page Catalog 


sent on request. Ask for 
bulletin SL-1. Describes 
complete line of moisture 
tellers, drying ovens, 
speed desiccators, etc. 





HARRY W. DIETERT CoO. 


CONTROL EQUIPMENT 
EK Roselawn « Detroit 4, Mich. 





Send me Moisture Teller Bulletin SL-1 


Name 





Company. 
Address 
City. 




















| Radiation Instrument Development e 


bot takes all kinds... 


Laboratory, Inc. 
1960: 21 Oct., 1042 
1961: 24 Mar., 820 
Technical Measurement Corp. 


1960; -7-Oct., ‘922; 21 Oct., 1088; -18 
Nov., 1456; 2 Dec., 1614 
1961: 13 Jan., 70; 17 Feb., 440; 10 


Mar., 670; 21 Apr., 1194; 12 May, 1452; 

16 June, 1882; 21 July, 158; 25 Aug., 530; 

15 Sept., 700; 6 Oct., 970 

Victoreen Instrument Co. 
1960: 21 Oct., 1079 


Pumps, Infusion 


Harvard Apparatus Co. 
1960: 21 Oct.,: 1179 
1961: 17 Feb., 501; 21 Apr., 1164 
Phipps & Bird, Inc. 
1960: 2 Dec., 1703 
1961: 2 June, 1722 
Sigmamotor, Inc. 
1961: 22 Sept., 863 
Will Corp. 
1960: 11 Nov., 1419 





Pumps, Liquid, Constant Volume ' 


Randolph Co. ee 
1961: 19 May, 1659 

Scientific Glass Apparatus Co., Inc. 
1961: 22 Sept., 888 

Sigmamotor, Inc. 
1960: 21 Oct., 1167; 2 Dec., 1682 
1961; 17 Feb., 517; 21 Apr., 1270 


Pumps, Peristaltic 
Harvard Apparatus Co. 
1961: 17 Feb., 501; 21 July, 209 
Pumps, Respiratory 
Harvard Apparatus Co. | 


1961: 17 Feb., 501; 24 Mar., 907; 21 | 
July, 209 | | 
Phipps & Bird, Inc. | | 

1960: 11 Nov., 1414 

1961: fee Feb. 9915) 3 Mar. 6575: 7, 


Apr., 1089; 14 Apr., 1138; 
19 May, 1648 


12 May, 1494; 


Pumps, Vacuum 


Central Scientific Co. 
1960: 21 Oct., 1051 
Kinney Vacuum Div., New York Air 
Brake Co. 
1960: 21 Oct., 1177; 2 Dec., 1719 
LaPine Scientific Co. 
1961: 24 Mar., 920 
Precision Scientific Co. 
1961: 24 Mar., 909 
Standard Scientific Supply Corp. 
1961: 6 Oct., 1024 
Welch, W. M., Scientific Co. 
1961: 7 Apr., 1084; 7 July, 63; 6 Oct., 
1015 


Pumps, Vacuum, Diffusion 
NRC Equipment Corp. 
1961: 21 Apr., 1268 


Pumps, Vacuum, Ionic 


Hughes, Vacuum Tube Products Div. 
1960: 21 Oct., 1195 
1961: 20 Jan., 203; 24 Mar., 941 


’ 














Precise Length and 
Angle Measurement 
May Require... 





OPTICAL INSTRUMENTS | 
K&E makes them 





ELECTRONIC INSTRUMENTS 
K&E makes them 


Ri 
> “a, 
aN a 








OPTICAL AND ELECTRONIC 


INSTRUMENTS COMBINED 
K&E makes them 





| A NEW APPROACH | 
ENTIRELY | 


We bring to every project over 75 years’ 
experience in serving the needs of indus- 
try, science and the government. If the 
products needed must be new, 


K&E can make them too. 


When your projects require instruments 
for highly accurate measurement of 
lengths or angles — especially on large 
equipment over sizeable distances — we 
can produce — precisely — the products 
you need. For more information, write: i 


ie 








| ae 


| KEUFFEL & ESSER CoO. 
Hoboken, N.J. 4037 
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Pycnometers 


Scientific Glass Apparatus Co., Inc. 


1961: 17 Feb., 409 City Vy ny h Yrluphitiimde 


Pyrometers NEW MODEL 
Thermolyne Corp. 


1961: 19 May, 1651 


Quartz Ware, Laboratory 


Thermal American Fused Quartz Co., Inc. 
1961: 17 Feb., 526; 24 Mar., 934; 
Apr., 1306; 16 June, 1938; 18 Aug., 504 


Radiation Counters, Scalers and 
Rate Meters 

See Counters, liquid scintillation, auto- 
matic; Counters and scalers, gamma radia- 
tion; Counters and scalers, low-level radia- 
tion 


Radiation Detectors 
See Detectors, radiation 


Radiation Monitors 
See Monitors, radiation 


Radiation Shields 
See Shields, radiation 


Radioisotopes 
See Chemicals, radiation 


Ratemeters, Nuclear 

See Counters and scalers, gamma radia- | 
tion; Counters and scalers, low-level radia- 
tion 


Rats, Laboratory 


Charles River Breeding Laboratories | 

1960: 7 Oct., 974 
Sprague Dawley, Inc. | eo 
1960: 4 Nov., 1324; 18 Nov., 1505 i 


Reaction Vessels, Laboratory 


Ace Glass, Inc. 
1961: 20 Jan., 224 
Parr Instrument Co. 


- 9 © 
1961: 24 Mar., 904 Recording accurate, reliable spectra with operating ease. For details ask for Data File E28-107. 


Reactors, Nuclear Training 


Nuclear-Chicago Corp. 
1960: 28 Oct., BC aes 
1961: 8 Sept., 635 Another fine instrument 


Recorder Controllers 


Research, Inc. 
1961: 16 June, 1934; 22 Sept., 872 versatile performance. iInstrume 


Recorders, Graphic 


American Optical Co. , nN} assul 
1961: 21 July, BC 
Atomic Accessories, Inc. 
1961: 16 June, 1852 z 
Beckman Instrument, Inc., Scientific and 
Process Instruments Div. 
1960: 16 Dec., 1846 APPLIED PHYSICS CORPORATION 
1961: 17 Feb., 492; 29 Sept., 910 2 ds rH PE 
Curtiss-Wright Corp. a TS 
1961: 17 Feb., 494; 19 May, 1629; 21 INSTRU 
July, 205 














MELTING POINT 


DETERMINATIONS 


THE KOFLER 
HOT BENCH 


+50° to +260°C FEATURES: 
Melting point determinations ® No roccsieggereaear| is required. 
can be made rapidly, and with ° Accuracy = 1° Centigrade. 
great accuracy. The tempera- ® Only minute samples are re- 


; quired. 
ture over the entire range can 


: © A test requires only one 
be read easily on a large scale. minute. 


Calibrating crystals are sup- ¢ Entire temperature range is 
plied. spread out on the bench, 


Complete Literature Available 
Cree SrOELTING CO. 


Analytical Balances * Strip Chart Recorders * Proportioning Pumps 


Following Microscope Accessories: 
Exposure Meters, Cameras, Micro-Projection—View Scope, Hot & 
Cooling Stage, High-Intensity Mercury Arc Lamps 


424 NORTH HOMAN AVENUE; .CHICAGO: 24, ILLINOIS 








Fish-Schurman Corp., 74 Portman Road, New Rochelle, N.Y. 


Multi-layer 
Interference Films 





for dichroic and achromatic beam splitters and filters. 
High efficiency. Relatively wide band. 
MULTI-LAYER HEAT DEFLECTORS 


XUR-96. Reflects substantial portion of infrared spectrum 
while transmitting nearly all of the visible radiation. 


#6143. Colorless, non-absorbing filter. Completely removes 
the ultra-violet and reflects the infrared. Transmits about 
90% from 425 to 700mu reflecting longer wavelengths. Half 
transmission points at 412mu and 725mu. 


Cold Mirror IRT-211. To reflect visible radiation from 400 
to 700mu and transmit from 725 to 1200mu and longer. 


Ask for Bulletin MI-318 
6 


LOW REFLECTING COATING 


Double and triple layer with minimum reflection. Increases 
iransmission to 9 micron on Germanium and Silicon. 


ELECTRICALLY CONDUCTING COATING 


Colorless, transparent. Resistance of 800 ohms per square 
while maintaining over 95% light transmission. 


ANTI-STATIC FILMS RF SHIELDING FILMS 
Colorless, 97% transmission. 


Write for further information 


1300 











-LIFE SCIENCE TITLES 


METABOLIC MAPS, Volume II 


Wayne W. Umbreit, Rutgers University 


For both advanced research worker and student, these maps 
promote the understanding of metabolic pathways and present 
at a glance experimental information about the reactions which 
occur in living cells. 1960; 287 pages; $6.00 


MANOMETRIC TECHNIQUES 


Wayne W. Umbreit, Rutgers University; R. H. Burris and J. F. 
Stauffer, University of Wisconsin 


.\) 


Covers thoroughly the theory and practical application of mano- 
metric techniques and describes chemicai radioisotopic and elec- 
trometric methods; preparation of tissues, homogenates and particu- 
late fractions from cells. 1957; 342 pages; $6.50 


BEHAVIOR OF ENZYME SYSTEMS: An 
Analysis of Kinetics and Mechanism 


John M. Reiner, Emory University 


This is a practical handbook for the diagnosis and analysis of 
enzyme behavior. Written for research workers who need mathe- 
matical tools for quantitative interpretation of their work, the 
book is also adaptable for a one semester course in enzyme 
kinetics or enzymology. 1959; 329 pages; $6.50 


NUCLEIC ACID OUTLINES, Volume | 


Van R. Potter, University of Wisconsin 


Structure, metabolism, biosynthesis and the function of the nucleic 
acids are among the topics covered in this volume. There are many 
references to current literature for those who wish to make a more 
intensive study. 1960; 297 pages; $5.00 


ELEMENTARY BIOCHEMISTRY 
Edwin T. Mertz, Purdue University 
Emphasis in this book is on comparative biochemistry of animals, 
plants and microorganisms, making it attractive to teachers in 
widely differing fields. Usable at the second semester sophomore 


or higher levels. 1959; 300 pages; spiral bound, $5.50; cloth 
bound, $6.50 


BURGESS PUBLISHING COMPANY 











426 South Sixth Street Minneapolis 15, Minnesota— 


corti E 


Production experience 
guarantees 


RELIABILITY 


Order with confidence, 

the quality and dependability 
your laboratory and 

research needs demand. Prompt 
service. All correspondence 
and inquiries answered 
immediately. 


®@ bloods 


serums 


ae 


1] + lakhuli 
comp ®@g 


® 
2 
@ fluorescent materials 
* 
” 





diagnostic reagents 
tissue culture reagents 


We maintain a variety of our own laboratory animals 
under the finest conditions. 


COLORADO 


SERUM CO. 
LABORATORIES 









Write for this FREE 
CATALOG NOW! 


regi No salesman 
BF will call. 








Laboratory and General Office PEAK OF QUALITY 


4950 YORK STREET * DENVER 16, COLORADO °* MAin 3-5373 
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Esterline-Angus Co. 
1960: 21 Oct., 1184; 11 Nov., 1410; 2 
Dec., 1706 
1961: 20 Jan., 149; 24 Mar., 799; 19 
May, 1554; 21 July, 210; 5 Aug., 437 
Fisher Scientific Co. 
1960: 9 Dec., 1736 
1961: 21 Apr., 1297 
Gilford Instrument Laboratories, Inc. 
1961: 6 Oct., 1022 
Houston Instrument Corp. 
1960: 21 Oct., 1175 
1961: 20 Jan., 230;..17 Feb., 332; 24 
Mar., 938; 21 Apr., 1299; 19 May, 1642; 
16 June, 1930; 21 July, 206; 22 Sept., 880 
Leeds & Northrup Co. 
1960: 21 Oct., 1040 
Minneapolis-Honeywell, Heiland Div. 
1961: 20 Jan., 128; 17 Feb., 439; 24 
Mar., 832; 21 Apr., 1184; 19 May, 1540; 
16 June, 1876; 21 July, 149; 18 Aug., 430; 
22 Sept., 793 
Photovolt Corp. 
1960: 25 Nov., 1563; 23 Dec., 1901 
1961: 6 Jan., 49; 3 Feb., 338; 7 Apr., | 
| 
| 
| 
| 





1084; 12 May, 1495; 2 June, 1776; 7 
July, 64; 4 Aug., 347; 1 Sept., 623; 29 
Sept., 954; 6 Oct., 1016 
Sanborn Co. 
1961: 17 Feb., 414; 14 Apr., 1135; 29 | 
Sept., IFC 
Sargent, E. H., & Co. 
1960: 21 Oct., 1046 
1961: 17 Feb., 420; 16 June, 1858; 6 
Oct., 969 i 
Scientific Products, Div. of American j 
Hospital Supply Corp. 
1960: 2 Dec., 1594 
Smith, Arthur F., Inc. 
1960: 7 Oct., 968; 4 Nov., 1326; 2 Dec., 
1680 
Standard Scientific Supply Corp. 
1961: 19 May, 1636 
Stoelting, C. H., Co. 
1960: 7 Oct., 970; 2 Dec., 1705 
1961: 21 Apr., 1268 
Texas Instrument Co. 
1960: 21 Oct., 1053; 2 Dec., 1583 
1961: 24 Mar., 809; 19 May, 1515; 21 
July, 155 
Thomas, Arthur H., Co. 
1960: 14 Oct., BC 
Varian Associates 
1961: 6 Jan., 52 
Yellow Springs Instrument Co. 
1961: 20 Jan., 225 


Recorders, Integrating 


Atomic Accessories, Inc. 

1961: 16 June, 1852 
Fisher Scientific Co. 

1961: 21 Apr., 1297; 23 June, 2025 
Ridgefield Instrument Group, a Schlum- 
berger Div. 

1961: 18 Aug., 484 
Texas Instruments, Inc. 

1961: 22 Sept., 767 


Recorders, Tape 


Mnemotron Corp. 
1961: 2 June, 1734 ~ 
Precision Instrument Co. 
1960: 7 Oct., 963; 21 Oct., 1055; 4 
Nov., 1323; 11 Nov., 1433; 2 Dec., 1693 
1961: 6 Jan., 53; 3 Feb., 339; 24 Mar., 
943; 14 Apr., 1136 
Sanborn Co. 


NEARLY 


1,000 


OF APPARATUS, 
INSTRUMENTS 








NEW 


a ) 
LAPINE 
CATALOG 

OF 
SCIENTIFIC 
EQUIPMENT 





AND EQUIPMENT 
FOR 
SCIENTIFIC 
LABORATORIES 


LaPine Catalog ‘‘C” is designed to give 
scientists and purchasing personnel all the 
information needed to make correct deci- 
sions and purchases. 


Catalog ‘‘C’’ is clearly written, fully illus- 
trated. Prices are current with the printing 
date. 

An alphabetical listing and ascending num- 
bering system is used for maximum speed 
and ease. The comprehensive, extensively 
cross-referenced subject index pinpoints the 
location of every item. 





SERVICE 

LaPine Scientific Company stocks most items 
listed for immediate shipment from the centrally 
located Chicago warehouse. If the order orig- 
inates in the east, shipment is from the New 
York warehouse. 


CATALOG “C” DISTRIBUTION 
Catalog ‘“‘C’”’ is now being mailed to laboratories 
and purchasing personnel all across the nation 
and throughout the world. Please let us know 
the catalog requirements of your laboratory or 
department. 


LaPINE SCIENTIFIC COMPANY 


6001 SOUTH KNOX AVENUE, CHICAGO 29, ILLINOIS, U.S.A. 





—s 


LABORATORY SUPPLIES = EQUIPMENT + REAGENT AND INDUSTRIAL CHEMICALS 


IM THE EAST: LaPINE SCIENTIFIC COMPANY (NEW YORK) SOUTH BUCKHOUT STREET, IRVINGTON-ON-HUDSON, NEW YORK 














1961: 18 Aug., 410 
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IN STOCK LOW COST 
TEMPERATURE | 
CHAMBERS 






/ —100F to +350F /—75C to +180C 
‘ +3°F (+1.5°C) Accuracy 


bs 
~ 


~ 


_ 
~ a 





=. Plug-in Operatio 


n 
-_ 





This simple, reliable unit answers the needs for both high and low 
temperatures. It is easy to use. Needs only to be plugged into 115V outlet 
for full operation. Holds temperatures to +3°F or better over full range. 
Uniform temperatures provided thoughout workspace by forced air circulation. 
One cubic foot workspace with full opening door. Overall dimensions 35’°W 
x 24”D x 45”H. Includes indicating thermoregulators. Models also available 
in full line of sizes, temperature ranges, tolerances and instrumentation. 


Write for Bulletins # FT3601 and 8601 and price lists 


$1950 soso oesms JU |S SiI MIE RIS 


add $35.00 for caster base 
3739 San Fernando Road / Glendale 4, California / CHapman 5-847] 
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Refractometers, Difierential 
Ercona Corp. 
1960: 2 Dec., 1586 
1961: 18 Aug., 412 
Phoenix Precision Instrument Co. 
1960: 21 Oct., 1199 
1961: 20 Jan., 210; 22 Sept., 852 
Waters Associates 
1961: 24 Mar., 919 
Refrigerators, Sub-Zero 
Cyrogenic Engineering Co. 
1961: 22 Sept., 876 
Custom Scientific Instruments, Inc. 
1960: 21 Oct., 1196 
1961: 17 Feb., 432; 21 Apr., 1180 





Instrumentation Associates, Inc. 
1961: 2 June, IBC 
Linde Co. 
1960: 7 Oct., 962; 2 Dec., 1694 
1961: 13 Jan., 110; 24 ‘Mar., 950; 21 
Apr., 1290; 16 June, 1943 
Standard Scientific Supply Corp. 
1961: 17 Feb., 508 


Restrainers, Animal 


Foringer & Co., Inc. 
1960: 7 Oct., 971 
Resuscitators 


Ohio Chemical & Surgical Equipment Co. 
1961: 19 May, 1644; 22 Sept., 852 





Safety Enclosures 


Blickman, S.,. Inc. 
1960: 21 Oct., 1177 


Sample Changers, Isotope Automatic 


Baird-Atomic, Inc. 
, 1961: 21 July, 144; 18 Aug., 420 
Sharp Laboratories, Inc. 


1960: 21 Oct., 1185 
Technical Associates 
1960: 21 Oct., 1036 
1961: 19 May, 1552 
Tracerlab, Inc. 
1961: 17 Feb., 438; 5 May, 1392 


Scales 


Exact Weight Scale Co. 





NT 


4 pon’ 


AMMONIUM 
HY proxiDF 


REAGENT 





Gives reproducible results, bottle after bottle 


Take one set of results you got with Du Pont Ammonium Hydr 


‘de Re- 


agent. You can change bottles, shipments or locality, and you’ll reproduce 
the same results—time after time! That’s because Du Pont continuously 
runs this reagent through 113 separate analytical tests to keep it uniform 


for your most stringent requirements. 


It’s of uniformly high purity, too, exceeding American Cheskina! Society 
requirements. And you get the convenience of single-trip cartons, dripless 
sleeves, safety grips on 5-pint bottles and color-coded caps and labels. 

Du Pont’s family of reagents includes Nitric, Sulfuric, Hydrochloric 
and Glacial Acetic acids, and Ammonium Hydroxide. They’re readily avail- 
able all over the country. Ask your local laboratory supply house or write 
for list of suppliers. Industrial and Biochemicals Department, N-2545S. 


Wilmington 98, Delaware. 


BETTER THINGS FOR BETTER LIVING .. « THROUGH CHEMISTRY 


1302 


REG. U.S. PAT. OFF 


’ 


1961: 24 Mar., 937; 22 Sept., 
Pennsylvania Scale Co. 
1961: 22 Sept., 849 


891 


Scalers, Nuclear 

See Counters and scalers, gamma radia- 
tion; Counters and scalers, low-level radi- 
ation 


Scanners, Chromatogram 
See Chromatogram scanners 


Schedule Boards 


Graphic Systems 


1960: 11 Nov., 1416 
1961: 24 Mar., 920; 21 July, 202; 22 
Sept., 856 


Scintillation Counters 
See Counters, scintillation 


Scintillation Crystals 
See Crystals, scintillation 


Scintillation Probes 





Atomic Accessories, Inc. 


1960: 21 Oct., 1202 
Picker X-Ray Corp. 
1960: 18 Nov., 1447 


Scintillation Well Detectors 


Nuclear-Chicago Corp. 
1960: 28 Oct., BC 
1961: 27 Jan., BC 

Packard Instrument Co., Inc. 
1961: 26 May, 1678 


Serums 

Colorado Serum Co,. 
1961: 17 Feb., 509 

Serums, Biological 


Hyland Laboratories 
1960: 2 Dec., 1702 


Shakers, General Purpose 


New Brunswick Scientific Co., Inc. 
1960: 11 Nov., 1409; 18 Nov., 
25 Nov., 1563 
1961: 6 Jan., 49; 21 Apr., 1294 
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Sigmamotor low flow 


INFUSION 
PUMPS 


The only pumps with infinitely 
variable (step/ess) flow rate 
reproducibility dosage 

















Be 
Infusion Pumps are available in 3 capacity ranges. 
The infinitely variable flow rates are controlled by a 
stepless speed adjustment. The vernier head is 
graduated and your experiments can be accurately 
reproduced or varied simply by recording the tubing 
size and vernier graduation. 


eehen Send for complete literature. 
F.0.8. MIDDLEPORT, N.Y. With explosion Laboratory 
\. © proof motors models with 
Clinical Capecities for operating open 
Models room use motors INCORPORATED 
TM12 2to150c.c. perhr. $550. $335. 
T-Mll 10 to 3,600 c.c. per hr. 475. 300. 93 NORTH MAIN i 


T-M10 60 to 15,000 c.c. per hr. 450. 260. 


MIDDLEPORT, N. Y. 


super 
speed 


PENNSYLVANIA 


SUPER SPEED 


Model 501 


PENNOGRAPH 








The Shadow Indicating Pennograph 
with Analytical Balance Accuracy 


Model 501 Pennograph is a 
super-sensitive precision instru- 
ment expressly designed for lab- 
oratory use where sensitivity of 
the highest order is essential 
and where super speed is need- 
ed. This scale provides sensi- 
tivities as fine as 50 milligrams 
and capacities up to 314 pounds. 


Pennsylvania Pennograph 
available in 52 models 
with wide choice of ca- 
pacities, sensitivities, in- 
dication, charts and 
beams . . . making it the 
perfect scale for countless 
laboratory applications. 












SEND 
for Free 
Pennograph 
Literature 











"am PENNSYLVANIA SCALE COMPANY 


BAREVILLE (LEOLA), PENNSYLVANIA 



































versatile 





Assembled, 


convenient 


GROWTH AREA 





And Operating /n One Day 








The entire power and control section are 
factory-assembled and mounted on one wall 
section. Two simple electrical and plumbing 
connections put the unit in operation fast, 
eliminate potential on-the-job errors, and 














reduce installation expense. 


PACKAGED GROWTH ROOMS 


precise 











Designed by Scientists 

Built by Experts 

The Sherer Controlled Environment Labo- 
ratory is the result of several years experi- 
mental work with scientists actively 
engaged in basic biological research. It is 
constructed by Sherer-Gillett, established 
in 1852 and involved exclusively in the man- 
ufacture of commercial refrigeration equip- 
ment for more than thirty years, 
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No Barrier Under Lights 
An outstanding feature of the 
Sherer cabinet is the air flow 
pattern. The air rises evenly, 
straight up through the lamp 
bank. This unique design permits 
the air to carry away all the heat 
created by the lamps. Vertical 
temperature differences are prac- 
tically eliminated. Temperatures 
in a horizontal plane are identical. 













Sherer-Gillett Company 
Dept. CEL 

Marshall 4, Michigan 
Please send me your detailed brochure 
and specification sheet on your Pack- 
aged Growth Room D 
Please have a salesman call on me 
to discuss in detail possible per- 
formance characteristics related to my 
experimentation. 

Name and Title 

Address 
City, State. es 
Field of Research, 
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FOR WASHING 
ELECTRONICS 
COMPONENTS 


Here’s your one-stop, one-location 
cleaning station for final washing 
and rinsing of transistors, diodes, 
crystals and other components. 
Eliminates need to maintain large 
“clean” areas which add to oper- 
ating costs. Reduces transporting 
and handling while cleaning and 
rinsing costs are sharply reduced 
because the unit is largely regen- 
erative. Illustrated unit can be 
modified to meet a wide variety 
of washing and rinsing 
requirements. 


INEXPENSIVE 
TO OPERATE 


Both ultra pure hot water and 
Freon rinsing systems are 
designed for continuous recircula- 
tion and repurification to keep 
operating costs low. A three gal- 
lon per hour Still supplies make- 
up water. Freshly distilled Freon 
is continuously fed into the Freon 
rinse chamber. Contaminated 
Freon returns by gravity to a 
Freon Recovery Still. 


NEW BULLETIN 


New Bulletin #166 describes the 
complete line of Barnstead Tran- 
sistor Washers. Cut reject rate, 
provide more efficient final rinse, 
and save on pure water and 
heat. Write for your copy today. 


Marnstead 


STILL AND STERILIZER CO. 


49 Lanesville Terrace, Boston 31, Mass. 
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| Shakers, Gyrotory 


| New Brunswick Scientific Co., Inc. 
1960: 9 Dec., 1779 


Shakers, Incubator 


New Brunswick Scientific Co., Inc. 
1960: 18 Nov., 1507 
1961: 20 Jan., 215; 24 Mar., 919; 19 
May, 1519; 1 Sept., 623; 22 Sept., 785 


Shakers, Water Bath 


New Brunswick Scientific Co., Inc. 
1960: 2 Dec., 1705 
1961: 21 Apr., 1294; 15 Sept., 741 
Research Specialties Co. 
1961: 19 May, 1608 


Shields, Radiation 


Technical Associates 
1960: 21 Oct., 1036 
1961: 19 May, 1552 


Sieves, Laboratory 








Custom Scientific Instruments, Inc. 
196]: 16 June, 1862 


| Sinks, Laboratory, Porcelain 
U.S. Stoneware 
1961: 20 Jan., 211; 21 July, 233 
| Skeleton Models, Human 


Welch, W. M., Scientific Co. 
1961: 6 Jan., 55 
Clay-Adams 
1961: 21 July, 157 


Soil Testing Kits 

Edmund Scientific Co. 
1961: 19 May, 1533 

Sonic Oscillators 


Raytheon Co. 
1960: 2 Dec., 1689 
1961: 21 Apr., 1277; 19 May, 1627; 21 
guly,’ 221; 22 ‘Sept:, ‘865 











Spectral Lamps 


Ealing Corp. 
1961: 22 Sept., 872 





Spectro Fluorometers 


Farrand Optical Co., Inc. 
1960: 11 Nov., 1413 


Spectrographs 


Baird-Atomic, Inc. - 

1961: 7 July, 4; 21 July, 124; 11 Aug., 
356 
Bausch & Lomb Optical Co. 

1961: 17 Mar., 771; 11 Aug., 360 


Spectrometers, Mass 
See Mass spectrometer 
Spectrophotometers, Data Plotter 


Connecticut Instrument Corp. 
1960: 2 Dec., 1711 


ot 








Spectrophotometers, Infrared 


Baird-Atomic, Inc. ; 

1961: 5 May, 1439; 19 May, 1510 
Beckman Instruments, Inc., Scientific and 
Process Instruments Div. 

1960: 21 Oct., 1039; 9 Dec., 1732 

1961: 27 Jan., 250; 10 Feb., 348; 28 
Apr., 1323; 26 May, 1673; 30 June, 2036; 
21 July, 127; 25 Aug., 526 
Perkin-Elmer Corp. 

1960: 21 Oct., 1034; 18 Nov., 1448 

1961: 13 Jan., 64; 10 Mar., 664; 25 
Aug., 520; 29 Sept., BC 


Spectrophotometers, Micro 


Beckman Instruments, Inc., Spinco Div. 
1961: 8 Sept., IFC 
Brinkmann Instruments, Inc. 
1961: 17 Feb., 520 
Canal Industrial Corp. 
1960: 21 Oct., 1171 
1961: 17 Feb., 515 
Coleman Instruments, Inc. 
1961: 16 June, 1879; 21 July, 135 
Standard Scientific Supply Corp. 
1961: 16 June, 1932 


Spectrophotometers, Visible and 
Ultraviolet 


Applied Physics Corp. 

1961: 20: Jan.,.:222: 32. Mar., 959; 7 
July, 61; 18 Aug., 496; 22 Sept., 869 
Bausch & Lomb Optical Co. 

1960: 7 Oct., 924 

1961:.°27-~3ap:, 254; 1. Aipr.,.. HOAs. 7 
July, 12 
Beckman Instruments, Inc., Scientific and 
Process Instruments Div. 

1960: 7 Oct., 915; 9 Dec., 1732 

1961: 13 Jan., 68, 69; 24 Mar., 845; 
26 May, 1673; 25 Aug., 526; 22 Sept., 
761 
Coleman Instruments, Inc. 

1960: 2 Dec., 1609 

1961: 10 Feb., 354; 16 June, 1879; 21 
July, 135 
Harshaw Scientific 

1961; (V1. -Aug:, 399; 22 Sept., -862; 6 
Oct., 1023 
Perkin-Elmer Corp. 

1961: 19 May, 1504; 16 June, 1846; 
14 July, 72; 18 Aug., 415; 1 Sept., 580; 
15 Sept., 692; 29 Sept., BC 
Sargent, E. H., & Co. 

1961: 6 Oct., 969 
Scientific Products, Div. of American Hos- 
pital Supply Corp. 

1960: 21 Oct., 1076 

1961: 17 Feb., 406; 21 Apr., 1162 
Zeiss, Carl, Inc. 

1960: 2 Dec., 1599 


Spectropolarimeters * 


Rudolph Instruments Engineering Co. 
1960: 21 Oct., 1064 
1961: 24 Mar., 926 


Spectroscopes 


Bausch & Lomb Optical Co. 

1961: 19 May, 1558 
Ealing Corp. 

1961: 16 June, 1965; 22 Sept., 872 
Fisher Scientific Co. 

1961: 24 Mar., 843 
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Automatic Protein 


and/or 


Peptide Analyses 


(Either Individual Samples or Column Effluent) 





Quantitate... 


Total Nitrogen by Kjeldahl 
Total Protein by Biuret 


Total Protein by Folin—Ciocalteau 
(Lowry modification) 


Amino Groups by Ninhydrin 
Tyrosine by Folin—Ciocalteau 
Histidine by Pauly Diazo Reaction 
Arginine by Sakaguchi 

Glutamic Acid by Decarboxylase 
Lysine by Decarboxylase 

Albumin by HABA Dye 


[2-(4’ hydroxyazobenzene) benzoic acid] 


Analyze... 


Biological Fluids directly 


Effluent from DEAE or Resin Chromatographic 
Column 


Effluent from Poraeth Electrophoretic Column 
Electrophoretic Starch Block Fractions 
Electrophoretic Paper Chromatogram Segments 
Check point stages in Protein Fractionation 
Counter Current Distributions 


with the TECHNICON® 


Aaa nalyeer “ 


Any or all of these determinations may be run on the same 
AutoAnalyzer: Takes only two minutes to change from 
one type of analysis to another. Any combination may 
be run simultaneously from the same sample by adding 
additional standard AutoAnalyzer modules. The response 
time is such that most of the analyses may be run at 40 
samples per hour. 


for information, select area of interest and write to 


TECHNICON CHROMATOGRAPHY CORP. 
42 RESEARCH PARK + CHAUNCEY, NEW YORK 





| TREATING small parts. 
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This Lindberg quality LABORATORY FURNACE is available in 


two sizes. Either is ideal for a variety of uses such as 


ASH DETERMINATIONS, FUSIONS, ASSAYING. ana HEAT 





Lindberg Type B-6 Fur- 
nace. Type B-2 is similar 
in appearance. See speci- 


fications below. 





THE DETAILS: In both furnaces shell is fabricated from heavy sheet steel 
and finished with high temperature gray baked enamel. 
Manually operated door is counter-weighted for easy opera- 
tion. A built-in transformer and control circuit contactor 
for supplying and controlling the low voltage to the heating 
element are located in the lower section of the furnace 
housing. Work chamber is heavily insulated and equipped 
with a high temperature refractory hearth plate. Heat is 
provided by a heavy, one piece, rod type nickel chromium 
element, easy to remove and replace. Available with either 
Automatic Controller Pyrometer or Manual Input Control. 





Model B-2 Model B-6 
Overall length 25” 3014” 
Overall width 19” 22” 
Overall height 22” 26” 
Chamber depth 104%" 144" 
Chamber width 4y” 74" 
Chamber height 4” + ad 
Power rating 1800 W 4000 W 
Max. Temperature 2000°F. 2000°F. 


Lindberg Laboratory Equipment is sold only through 
LABORATORY EQUIPMENT DEALERS. For futt information on the -2 and 
B-6 Furnaces ask your dealer for Lindberg Bulletin No. 1055. Laboratory 
Equipment Division, Lindberg Engineering Company, 2494 West Hubbard 


Street, Chicago 12, Illinois. 


LINOBERG 


heat for industry 
eh 
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PLASTIC LABORATORY WARE 


The MOST COMPLETE 


rere a 


\ bel 
‘art | 


Nc 


"DOLLS L Ly 


line available from 


BEL-ART PRODUCTS 


ONE source 


PEQUANNOCK, N. J. 
OXbow 4-0500 


PLASTICS 


AVAILABLE FROM YOUR 
LOCALE SUPPLY DEALER 


From beakers to pumps, 
from tanks to valves. Stock 
or made to order. If you 
have a problem concern- 
ing plastic laboratory 
ware or its application, 
consult our technical de- 
partment. 


FREE! Send for new 
44-page catalog 


















Microwave 
operation at X, Ku, 
Bands, 
soon available. 


ELECTRON MAGNETIC 
RESONANCE SPECTROMETERS 


by Strand Labs 


‘Fl 


For applications in 








fundamental physical 
research 

measurements of mag- 
netic susceptibility — 
studies of free radicals 
process control 
Spectrometers for 
K and Ka 
with 260 and 1600 mc 


Write for complete information 


Hist tabs Lube... 








294 Centre St., 


Newton 58, Mass. 


Tel: WOodward 9-8890 


Manufacturers of Ultra-Stable 
Signal Generators and EMR Spectrometers 
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FOR THE 
FACTS 


on “C.P.” Clean 
glassware and 
laboratory apparatus 





_HAEMO-SOL’ 


A complete report plus technical data 
| based on three years of research, 
| on Haemo-Sol, the cleanser specifically 
| formulated for precision laboratory 
| glassware and apparatus, 
including metals, rubber and plastics. 


Over 65 years of continuous service 
to the hospitals of America 


MEINECKE & CO., INC. 


225 VARICK STREET, NEW YORK 14 





















Sterilizers 


American Sterilizer Co. 
1960: 11 Nov., 1351 
1961: 20 Jan., 129; 

Wilmot Castle Co. 
1960: 14 Oct., 

Dec., 1597 
1961: 20 jJan., 150; 24 Mar., 

Apr., 1190; 26 May, 1675; 

21 July, 126; 25 Aug., 


16 June, 1855 


982; 21 Oct., -1038; 2 
818; 21 
16 June, 1860; 
1A; 22 Sept., 782 


Stills, Vacuum 


Greiner, Emil, Co. 

196]: 20 Jan., 216 
Smith, Arthur F., Inc. 

1960: 21 Oct., 1188; 25 Nov., 1564 
Stills, Water 


Ace Glass, Inc. 
1961: 21. July, 215 
American Sterilizer Co. 
1960: 11 Nov., 1351 
1961: 20 Jan., 129; 16 June, 1855 
Barnstead Still and Sterilizer Co. 
1960: 21 Oct., 1168 
1961: 20 Jan., 230 
Bellco Glass, Inc. 
1961: 19 May, 1624; 
June, 2073; 7 July, 63 
Stokes, F. J., Corp. 
1961: 19 May, 1612; 
July, 206; 18 Aug., 
Wilmot Castle Co. 
1960: 11 Nov., 1342; 
1961: 17 Feb., 405 


16 June, 1961; 30 


16 June, 
503; 


1965; 21 
22 Sept., 860 


Zs Nov., 1571 


Stimulators, Electronic 


| American Electronic Laboratories, Inc. 








1960: 11 Nov., 1428; 2 Dec., 1713 

1961: 20 Jan., 235; 17 Feb., 513; 24 
Mar., 898; 19 May, 1609; 16 June, 1957; 
22 Sept., 861 


Foringer & Co., Inc. 
1960: 7 Oct., 971 


Stirrers, Electric 


Heller, Gerald K., Co. 

1960: 21 Oct., 1186; 11 Nov., 
Nov., 1566; 9 Dec., 1772 
Scientific Industries, Inc. 

1960: 18 Nov., 1505 

1961: 20 Jan., 200 
Smith, Arthur F., Inc. 

1960: 14 Oct., 1021 
Wilkins-Anderson Co. 

1961: 24 Mar., 935 


1414; 25 


Stirrers, Magnetic 


Scientific Co. 
16 June, 1939 
LaPine, Arthur S., and Co. 
1960: 21 Oct., 1160 
Thermolyne Corp. 
1961: 16 June, 1942 
Thomas, Arthur H., Co. 
1961: 6 Oct., BC 
Tri-R Instruments 
1960: 21 Oct., 1203 
1961: 17 Feb., 537 


Central 
1961: 


Stools, Laboratory 


Adjusto Equipment Co. 
1960: 21 Oct., 1152; 2 Dec., 
Sept., 


1685 
852 


1961: 24 Mar., 901; 22 
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Worthington 


Lyophilized Alcohol 


Dehydrogenase 


The best commercially 
available. 


YEAST ADH: 


2 x crystallized according 
to Racker. 


LIVER ADH: 


1 x crystallized according 


to Bonnichsen and Brink. 


PHOSPHOLIPASE-C 


(Lecithinase-C; _-toxin). 


LUCIFERASE (BACTERIAL) 


For information, write: 
WORTHINGTON 


Biochemical Corporation 
Freehold 1, New Jersey 


a 


worthington 














Stopcocks, Teflon 


Corning Glass Works 

1961: 17 Feb., 407; 21 Apr. 1170 
Kimble Glass Co. 

1960: 9 Dec., 1731 

1961: 6 Jan., 4; 24 Mar., 803 


Sulfur Determinators 
Dietert, Harry W., Co. 
1961: 19 May, 1630 
Surface Tension Apparatus 
Fisher Scientific Co. 
1961: 9 June, 1789 
Survey Meters, Radiation 


See Monitors, radiation 


Syringes, Constant Rate 


JKM Instrument Co. 
1961: 21 July, 137; 18 Aug., 431 


Syringes, Infusion 


Will Corp. 
1960: 21 Oct., 1041 
1961: 24 Mar., 956 


Syringes, Micro, Gas 


Hamilton Co., Inc. 


1960: 30 Dec., 1907 

















Sept., 882 


| Syringes, Micro, Liquid 

Hamilton Co., Inc. 
1960: 14 Oct., 987; 11 Nov., 1415 
1961: 28 Apr., 1321; 18 Aug., 486 


Syringes, Radiation Shielded 


Hamilton Co., Inc. 
1961: 12 May, 1448; 21 July, 205 


Tachometers 


VirTis Co., Inc. 
1961: 24 Mar., 796 


Teaching Equipment, Physiological 


Harvard Apparatus Co. 
1960: 11 Nov., 1413 


Teaching Equipment, Radiation 


Telescopes 


Criterion Manufacturing Co. 
1961: 20 Jan., 232; 17 
Mar., 954; 21 Apr., 1264; 19 May, 1614 
Edmund Scientific Co. 
1960: 25 Nov., 1519 


22 Sept., 781 
Unitron Instrument Co. 

1960: 4 Nov., 1324; 18 Nov., 1506; 
Dec., 1714 
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1961: 21 Apr., 1167; 5 May, 1391; 22 


See Demonstration equipment, nuclear 


Feb., 498; 24 


1961: 20 Jan., 151; 24 Mar., 829; 21 


Apr., 1186; 19 May, 1533; 18 Aug., 434; 


1961: 6 Jan., 54; 28 Apr., 1374; 1 Sept., 


rorrapie 
a Cool eee 










































THE SCIENTIST’S LIGHT BOX 














TILTS EASILY 
FOR TABLE-TOP 
USE 


Model 12-12D for 8%” X 11” 

curves, charts, spectra, X-ray Xe 

| film, biological samples, etc. 

| = Model 12-20E for double size 
. sheets 11” X 18”. 


FITS STANDARD 
DESK DRAWER FOR 
STORAGE OR USE 


Keep GLOW BOX in your 
desk drawer immediately 
available whenever you wish 
to examine, compare, or 
trace. It’s so convenient! 


STANDS 
UPRIGHT FOR 
DEMONSTRATIONS 


The uniform, diffuse light 
focuses attention on displays 
of samples for lectures, 
demonstrations, etc. 


SEND CARD FOR LITERATURE 
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INSTRUMENTS fog 
RESEARCH and | 
INDUSTRY 


CHELTENHAM, PA 








Temperature Circulators 


Brinkmann Instruments, Inc. 
1960: 9 Dec., 1780 
1961: 22 Sept., 875 


Temperature Controllers, Liquid 


Brinkmann Instruments, Inc. 
1960: 18 Nov., 1508; 9 Dec., 1774; 30 
Dec., 1946 
Bronwill Scientific, Div. of Will Corp. 
1960: 21 Oct., 1070 
1961: 24 Mar., 934; 14 Apr., 1138; 19 
May, 1620 
Instruments for Research and Industry 
1961: 17 Feb., 514; 21 Apr., 1296; 19 
May, 1653; 21 July, 233; 22 Sept., 883 
LaPine Scientific Co. 
1961]: 21 Apr., 1264 
Schuco Scientific, Div. of Schueler & Co. 
1960: 2 Dec., 1681 
Wilkens-Anderson Co. 
1961: 22 Sept., 880 


Temperature Controllers, Low 
Temperature 


Lauda Instruments, Inc. 

1961: 19 May, 1655; 16 June, 1929; 
16 June, 1946; 18 Aug., 483; 22 Sept., 867 
VirTis Co. 

1961: 18 Aug., 501 


Temperature Indicators, Paint 


Curtiss-Wright Corp. 
1961: 24 Mar., 898 


Temperature Programmers, Linear 


F & M Scientific Corp. 
1960: 21 Oct., 1196; 11 Nov., 1346 
1961: 22 Sept., 770 


Temperature Recorders, Cryogenic 


Texas Instruments, Inc. 
1961: 24 Mar., 946 


Test Tube Closures 


Bellco Glass Inc. 
1960: 21 Oct., 1163 
1961: 8 Sept., 681 


Test Tube Mixers 


Beckman Instruments, Inc., Spinco Div. 
1961: 23 June, IFC; 8 Sept., IFC 
Clay-Adams 
1961: 16 June, 1849; 18 Aug., 413; 22 
Sept., 791 
Scientific Industries, inc. 
1960: 21 Oct., 1158 
1961: 17 Feb., 498; 16 June, 1950 


Thermometers, Electronic (Thermistor) 


Greiner, Emil, Co. 
1961: 16 June, 1958 

Tri-R Instruments 
1960221 -Oct., 1203; 2: Dec., 1672 
1961: 22 Sept., 889 

VirTis Co. 
1961: 18 Aug., 501 

Yellow Springs Instrument Co., Inc. 
1960: 2 Dec., 1688 











DESCRIPTION 
The Thermocord consists of a pure nickel/chrome 
heating element insulated by inorganic fibres. 
Two feet of insulated, unheated, flexible lead 
are attached to each end of the heating section 
and the whole, including the unheated leads, is 
covered with a tough external sheath of braided 
glass fibre. Designed to operate with a loading 
of 5 watts per linear inch, element tempera- 
tures up to 450° C are attainable. The cable has 
an approximate outside diameter of 3/16’. 


Efectrothernal 
THERMOCORD 


A rugged, flexible heating cable with 
glass fibre, braided insulation for 


Temperatures up to 450°c 


from the fact that the 2’ length, when close 
coiled round a 1” tubing, gives a wattage con- 
centration of 26 watts per square inch. Alter- 
natively, it can be traced or spiralled round the 
tubing at any predetermined open pitch to give 
the required energy input. 


TEMPERATURE CONTROL 


The high surface loading of the Thermocord 
makes it essential for a form of temperature 
control to be used at all times. Energy Regula- 
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APPLICATION tors or Auto Transformers as listed will be 
The versatility of the Thermocord can be judged found to meet any control requirement. 
CAT. NO. TYPE NO. | Length, ft. | Volts Watts Price 
HC 101 1 110 60 $6.90 
HC 102 2 110 120 $9.00 
$-65112 HC 103 4 110 240 $14.50 
HC 104 8 110 480° $24.20 
HC 105 16 110 960 $36.50 
HC 106 32 220 1920 $54.50 
$-32837 ENERGY REGULATOR, Input 100/130 V Output 100/130 V 
200/250 200/250 $18.40 
$-55814 AUTO-TRANSFORMER, Input 110 V Output 0-130 V $65.00 


STANDARD SCIENTIFIC 
Supply Corfe. srurones.n 








LABORATORY 
APPARATUS 
808 BROADWAY REAGENTS 


N 
CHEMICALS 














Timers, Laboratory 


Scientific Glass Apparatus Co., Inc. 
1960: 25 Nov., 1562 

Standard Scientific Supply Corp. 
1960: 2 Dec., 1698 


Tissue Culture Equipment 


Bellco Glass Inc. 
1960: 30 Dec., 1949 
Kontes Glass Co. 
1961: 16 June, 1959 
New Brunswick Scientific Co., Inc. 
1961: 17 Mar., 769; 12 May, 1495; 9 
June, 1837; 8 Sept., 683 


Tissue Grinders 
See Homogenizers, tissue 


Titrators, Automatic 


Brinkmann Instruments, Inc. 
1961: 14 Apr., 1137; 21 Apr., 1301; 22 
Sept., 847 
Buchler Instruments, Inc. 
1961: 17 Feb., 521 
Coleman Instruments, Inc. 
1961: 28 Apr., 1318; 22 Sept., 779 
Fisher Scientific Co. 
1961: 24 Mar., 842; 26 May, 1725 
Danube International Trade Corp. 
1960: 21 Oct., 1148 
Polarad Electronics Corp., Scientific In- 
struments Div. 
1960: 21 Oct., 1045; 11 Nov., 1363 
1961: 31 Mar., IBC 
Sargent, E. H., & Co. 
1961: 18 Aug., 421 
Standard Scientific Supply Corp. 
1961: 20 Jan., 228; 22 Sept., 858 
Welwyn International Inc. 
1960: 21 Oct., 1050 
1961: 20 Jan., 146 


Titrators, Micro 


Beckman Instruments, Spinco Div. 
1961: 23 June, IFC; 8 Sept., IFC 
Cooke Engineering Co. 
1961: 6 Oct., 1017 
Intercontinental Scientific Corp. 
1961: 16 June, 1941 
Thomas, Arthur H., Co. 
1961: 14 July, BC 


Tubing Connectors 


Beckman Instruments, Inc., Scientific and 
Process Instruments Div. 
1960: 25 Nov., 1569 


Tubing, Glass 


Kimble Glass Co. 
1960: 14 Oct., 983. 


Tubing, Plastic 


Nalge Co., Inc. 
1961: 19 May, 1623; 18 Aug., 488 
U.S. Stoneware 


1961: 24 Mar. 916; 19 May, 1615; 22 
Sept., 864 
Typewriter Symbols, Scientific 


Mechanical Enterprises Inc. 
1961: 22 Sept., 854; 6 Oct., 1021 
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ANNUAL REVIEW OF 


PHYSICAL CHEMISTRY 


Volume 12 September 1961 







ANNUAL REVIEW OF 


MICROBIOLOGY 


Volume 15 October 1961 












Other ANNUAL REVIEWS 


ENTOMOLOGY Vol. 6 Jan. 1961 
PSYCHOLOGY Vol. 12 Feb. 1961 
PHYSIOLOGY Vol. 23. Mar. 1961 
PHARMACOLOGY Vol. 1 Apr. 1961 
MEDICINE Vol. 12 May 1961 
PLANT PHYSIOLOGY Vol. 12 June 1961 
BIOCHEMISTRY Vol. 30 = July 1961 


NUCLEAR SCIENCE Vol. 11 Dec. 











Converts your scaler to mplete 4-Pi and 
2-Pi Internal Proportional Counting System 


$7.00 postpaid (U.S.A.); $7.50 postpaid (elsewhere) 


ANNUAL REVIEWS, INC. 


231 Grant Avenue, 






OHIO— NUCLEAR, INC. 


27105 KNICKERBOCKER ROAD 


ef ‘ CLEVELAND 40, OHIO 
Palo Alto, California 





Manufacturers of Fine Instruments 











NOW... MECHANICALLY, COTTON PLUG UP TO 2400 PIPETTES PER HOUR 


ae 


HARRISON 
PIPETTE 
PLUGGER 


@ Cotton plugs pipettes up to 
2400 per hour 


@ Consistently uniform cotton 
Plugs 


@ Versatile—accepts full range 
of standardized cotton plug- 
ging pipettes without adjust- 
ment 







@ 3-speed control 
@ Compact — requires little 


floor space 
% 


The Harrison Pipette Plugger eliminates the slow, tedious job of hand stuffing 
cotton in pipettes. An experienced operator can plug pipettes up to 2400 per hour, 


Sea 
—— 


\ 





NOTE. with each cotton plug absolutely uniform in size. Cotton plugging speeds adjust- 
UNIFORMITY OF able to 22, 30 or 40 pipettes per minute. The Harrison Pipette Plugger can be used 
COTTON PLUGS over a full range of standardized cotton plugging type pipettes without adjustment, 
~ A including the following pipettes: Bellco V.I.P. 12-334, Corning 7086, and Kimble 
37034A. Other pipettes having identical top dimensions and tolerances as these 


will also be satisfactory. However, conventional pipettes can be reworked and 
shaped to the cotton plugging top dimensions . . . if they are of borosilicate glass. 
The Harrison Pipette Plugger is mounted on a sanitary work surface featuring 
a semi-enclosed base. A shelf beneath the table holds the cotton roving, which is 
fed through a special opening in the table. 
WRITE FOR BULLETIN NO. P-50-15$ 


BELLCO GLASS INC. VINELAND, N. J. 





20 OCTOBER 1961 1309 











TIME SAVERS 





Current 


YOUR WEEKLY GUIDE TO THE 


Chemical, Pharmaco-Medical & Life Sciences 


ontents 


INSTITUTE FOR SCIENTIFIC INFORMATION 
DOSE VENTERN STREDE PHILADELPHIA 2 PA 














— 


CURRENT CONTENTS OF CHEMICAL, PHAR- 
MACO-MEDICAL & LIFE SCIENCES is a com- 
prehensive weekly service that lists the tables 
of contents, most of them in advance, of more 
than 600 primary scientific journals. With this 
service, the scientist is given a unique, con- 
venient method to scan the title pages of 
journals of interest to him without physically 
handling thousands of individual issues per 
year. Spending about one hour per week, he 
can easily check off articles of interest. 
CURRENT CONTENTS also provides, when 
possible, author addresses so scientists can 
write to colleagues for reprints. In addition, 
Original Article Tear Sheets are available. 











CURRENT CONTENTS OF SPACE & PHYSICAL 
SCIENCES enables scientists to keep up with 
new developments in such fields as missiles 
and rockets, electronics, mathematics, com- 
puters, physics, nuclear energy and instru- 
mentation. This new weekly service compre- 
hensively reports the contents of more than 
500 primary journals—over 100,000 individual 
articles per year. As a special bonus, all 
basic chemical journals are covered in this 
edition of CURRENT CONTENTS. Available 
only to CURRENT CONTENTS subscribers is 
our exclusive Original Article Tear Sheet serv- 
ice, OATS supplies the principal ingredient in 
the effective utilization of scientific informa- 
tion—prompt and convenient access to origi- 
nal documents. And cost of OATS is lower 
than hard-to-read photocopies. 


Grotis review copies of the above listed 
services are available upon request. 


INSTITUTE FOR SCIENTIFIC INFORMATION 


33 SOUTH SEVENTEEN STREET, PHILADELPHIA 3, PA. 
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Ultrasonic Cleaners 


Edmund Scientific Co. 
1961: 19 May, 1533 
Will Corp. 
1961: 17 Feb., 531 


Ultrasonic Disintegrators 
See Disintegrators, ultrasonic 


Ultraviolet Analyzers 


Buchler Instruments Inc. 
1961: 21 July, 219; 18 Aug., 486 
Canal Industrial Corp. 
1960: 21 Oct., 1171; 2 Dec., 1679 
1961: 17 Feb., 515 
Gilson Medical Electronics 
1961: 7 July, 60 
L K B Instruments, Inc. 
1960: 16 Dec., 1791 
1961: 24 Mar., 811; 21 Apr., 1158 


Vacuum Distillation Equipment 
See Stills, vacuum 


Vacuum Gauges 


Central Scientific Co. 
1960: 14 Oct., 1022 
Gilmont, Roger, Instruments Inc. 
1961: 21 Apr., 1299; 16 June, 1961; 22 
Sept., 897 
Greiner, Emil, Co. 
1961: 22 Sept., 760 
Hughes Aircraft Co., Vacuum Tube Prod- 
ucts Div. 
1961: 21 July, 224 
Kinney Vacuum Div., New York Air Brake 
Co, 
1960: 21 Oct., 1177; 2 Dec., 1719 
1961: 17 Feb., 497 
NRC Equipment Corp. 
1961: 24 Mar., 949; 19 May, 1644; 16 
June, 1949 
Smith, Arthur F., Inc. 
1960: 11 Nov., 1421; 2 Dec., 1680 
1961: 24 Mar., 938 


Vacuum Leak Controllers 


Granville-Phillips Co. 
1960: 7 Oct., 970 


Valves, Needle, Teflon 


Greiner, Emil, Co. 
1961: 17 Feb., 498 


Valves, Vacuum 


Kinney Vacuum Div., New York Air Brak 
Co. : 
1961: 24 Mar., 905 


Vapor Pressure Apparatus 


Fisher Scientific Co. 
1961: 9 June, 1789 


Viscometers 


Ferranti Electric Inc. 
1960: 21 Oct., 1159 
Polarad Electronics Corp., Scientific In- 
struments Div. 
1960: 21 Oct., 1045; 11 Nov., 1363 
1961: 31 Mar., IBC 








This D> 
Gamma Spectrometer 
Eliminates 


“Dark Current’ Defect 


Combines Better Resolution 

With Greater Precision Over 

Wider Range Than Any Other 
System At Any Price 


1.17 mev 


HIGH 
RESOLUTION 
HERE 


NO 
“DARK 
CURRENT"’ 

DEFECT 
HERE | ™ 


1000 900 800 700 600 500 





Actual spectrogram of Cobalt-60 
made with a GSS-1. Window No. 3, 
Time constant: 2 sec. 





A complete gamma spectrometer system 
NMC model GSS-1 ($4,180 fob, Indianapolis) 


This greatly simplified system features reg- 
ulated high voltage supply as part of the 
counting ratemeter auto-scan system... 
all-transistorized probe amplifier and spec- 
trometer circuits ...and solid or well-type 
crystal. These points and the actual spec- 
trograms shown here tell only part of the 
story. For full details, write or phone collect. 





HIGH 
RESOLUTION 
HERE 2% 

20K 

16K 

¢/M 
NO 1x-S 
“DARK 
CURRENT’ 
perect 
HERE 


Actual spectrogram of Radium 
made with a GSS-1. Four runs over 
a period of 20 hours with no adjust- 
ment of instrument between runs, 
demonstrating utmost stability. 
Range: 30,000 C/M. Time constant: 
3 sec. 


oo 


Nuclear Measurements Corp. 
2460 N. Arlington Ave. « Phone: Liberty 6-2415 
INDIANAPOLIS 18, INDIANA 
International Office: 13 E. 40th Street, New York 16, N. Y. 
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Warburg Apparatus 


Bronwill Scientific, Div. of Will Corp. 

1960: 21 Oct., 1070 

1961:.. 17: Feb.,. $21; 10 Mar.; ‘713; 7 
Apr., 1085; 19 May, 1629; 16 June, 1941; 
18 Aug., 507 
Gilson Medical Electronics 

1960: 21 Oct., 1182 

1961: 24 Mar., 940; 5 Aug., 296 
Scientific Glass Apparatus Co., Inc. 

1961: 17 Feb., 409 
Will Corp. 

1960: 21 Oct., 1041 


Washers, Glassware 
See Glassware washers 


Waste Containers, Radioactive 


Blickman, S., Inc. 
1961: 16 June, 1936; 18 Aug., 507 


Water Baths 


Blue M Electric Co. 
1960: 2 Dec., 1708 
Hotpack 
1961: 19 May, 1626 
Precision Scientific Co. 
1961: 17 Feb., 510; 21 Apr., 1286; 21 
July, 151 
Research Specialties Co. 
1961: 24 Mar., 900 
Schuco Scientific, Div. of Schueler & Co. 
1961: 20 Jan., 236 
Scientific Glass Apparatus Co., Inc. 
1961: 23 June, 2026 
Thermolyne Corp. 
1961: 10 Mar., 714 
Wilkens-Anderson Co. 
1961: 19 May, 1646; 22 Sept., 880 


Water Pressure Controllors 


Buchler Instruments, Inc. 
1961: 20 Jan., 140; 24 Mar., 904 


Water Purifiers 


Barnstead Still & Sterilizer Co. 
1960: 2 Dec., 1720 


Water Standard, Triple Point 


Trans-Sonics, Inc. 
1961: 19 May, 1642; 16 June, 1959; 22 
Sept., 890 


Weights, Balance 


Ohaus Scale Corp. 
1961: 22 Sept., 894 


X-ray Diffraction Equipment 


Engis Equipment Co. 
1961: 24 Mar., 942; 22 Sept., 867 
Erb & Gray Scientific, Inc. 
1961: 1 Sept., 583 ~ 
Radio Corporation of America 
1961: 17 Feb., 408; 21 July, 146 


Zone Refiners 


Fisher Scientific Co. 
1961: 10 Feb., 350; 7 Apr., 1038 
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~ HLL ICLL 1... Balance News 


High Capacity and Remote 
COREG! ...+.0 


Highly precise weighings of ra- 
dioactive, poisonous or explosive 
materials can be made safely and 
easily on a new series of Mettler 
analytical balances which can _ be 
operated by remote control. 

Added to the Mettler Line of 
more than 50 basic balance models 
are the W5/11 (capacity 5000g) and 
the W8/11 (Capacity 8000g). The 
well-known Mettler B5 is now also 
available with remote controls (mod- 
el B5/11). 

Both high capacity balances (W5 
and W8) have an optical scale 
range of 10g, sensitivity of 1 mg 
per vernier division and _ precision 
of + Img. Readability is direct to 
Img and by estimation to 0.5mg. 
The weight sets are adjusted to 
well within U.S. Class S tolerances. 
Both the W5 and W8 are available 
without remote controls for manual 
operation. These balances, as well 
as the B5/11 can be operated manu- 
ally even if equipped with remote 
controls. 

















TYPE W5 
Errors Designed Out, Speed 
Designed In... 

As is the case with all Mettler 
Balances, the W5 and W8 models 
operate on the substitution principle, 
comparing . sample and_ calibrated 
weights on the same beam arm. 
Thus only two knife. edges are re- 
quired, a lever-arm error cannot 
occur, and sensitivity is constant 
throughout the weighing range of 
the balance. 

A unique mechanical system makes 
an automatic preliminary weighing 
to the nearest 10g. This eliminates 
the need to make step by step trial 
weighings in the partial release po- 
sition. Once the rough weight has 
been determined, calibrated weights 
are quickly dialed and are lifted 
off of the suspension system simul- 
taneously, thus reducing abrasive 


wear on the weights to an absolute 
minimum. 

A complete weighing (includ- 
ing zero point adjustment) éan 
be made within three minutes. Zero 
point setting, preliminary weighing, 
weight selection, beam release and 
arrest, are all operated by remote 
control. Samples are placed on the 
pan by mechanical manipulators 
or through glove boxes; in some 
cases special conveyors are used. 


a a 2 








REMOTE CONTROL PANEL 


Safety and Convenience for 
the Operator... 

Remotely operated balances in- 
sure safety when working with high 
levels of radioactivity such as are 
found in fuel cores or contaminated 
specimens. They also permit great- 
er efficiency when concerned with 
threshold levels of radiation. 

These fast and reliable remote 
control units can be used to deter- 
mine the density of radioactive sub- 
stances, and to measure density 
changes in radioactive fuel sources 
(in this way the life of a fuel sup- 
ply can be determined.) 

Explosive materials can be com- 
pounded behind thick protective 
shields. Should the protective bar- 
rier not permit use of glass win- 
dows, remote operation can be moni- 
tored and readings made by closed 
circuit television. 

Poisonous chemical compounds and 
bacteriological substances can be ef- 
fectively weighed in isolation cham- 
bers. Balances can be sterilized and 
introduced in gnotobiotic systems. 

The large optical scale of W5/11 
and W8/11 balances makes it pos- 
sible to read results from a distance 
of 14 feet without use of optical 
aids. On the B5/11 the optical 
scale and vernier can be read easily 
at distances of more than 15 feet 
with the aid of a telescope provided 
as an accessory. 

Mettler has by far the greatest 
experience in the design and con- 
struction of two knife edge, single 
pan substitution balances. Mettler 
also leads the field in development 
of remote operating balances. 


For complete information 
write 


~ MLEMLEL 


INSTRUMENT CORP. 
P.O. BOX 100A, 
PRINCETON, NEW JERSEY 
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Abrahams Magazine Service 
56 E. 13 St., New York 3 


Albino Farms 
P.O. Box 331, Red Bank, N.J. 


Animal Research Center 
Bainbridge, N.Y. 


Applied Science Laboraiories, Inc. 
Box 140, State College, Pa. 


Atkins Technical Inc. 
1276 W. 3 St., Cleveland 13, Ohio 


Badger Research Corp. 
P.O. Box 527, Madison 1, Wis. 


Barr & Stroud, Ltd. 
Glasgow, W. 3, Scotland 


Bio-Rad Laboratories 


32nd and Griffin Ave., Richmond, Calif. 


Canner’s, Inc. 
618 Parker St., Boston 20, Mass. 


Cargille 
117 Liberty St., New York 6 


Charles River Breeding Laboratories 
1018 Beacon St., Brookline 46, Mass. 


Colorado Serum Co. 
4950 York St., Denver 16, Colo. 


Curta Co. 
14435 Cohasset St., Van Nuys, Calif. 


Dimco-Gray Co. 
214 E. 6 St., Dayton 2, Ohio 


Electro-Medical Laboratory, Inc. 
South Woodstock 2, Vt. 


Elite Chemical Co. 
23 Elm St., Newark 2, N.J. 


Food and Drug Research Laboratories, Inc. 


Maurice Ave. at 58 St., Maspeth, N.Y. 


Hoeltge Bros., Inc. 
1919 Gest St., Cincinnati 4, Ohio 


Hormone Assay Laboratories 
8159 S. Spaulding Ave., Chicago 29, Ill. 


Hospital Supply Co. 
304 E. 23 St., New York 10 


Huntingdon Farms, Inc. 
2548 N. 27 St., Philadelphia 32, Pa. 


Isotopes Specialties Co. 
Box 688, Burbank, Calif. 


Kern Co. 
121 Nassau St., New York 38 


Laboratory Plasticware Fabricators 
714 Baltimore, Kansas City 5, Mo. 





ADVERTISERS APPEARING IN “THE MARKET PLACE” 
7 October 1960 through 6 October 1961 


LaWall & Harrisson 
1921 Walnut St., Philadelphia 3, Pa. 


LaMotte Chemical Co. 
Chestertown, Md. 


Museum of Comparative Zoology 
Harvard University, Cambridge, Mass. 


Oxford Laboratories 
961 Woodside Rd., Redwood City, Calif. 


Regis Chemical Co. 
1219 N. Wells St., Chicago 10, Til. 


Research Animals, Inc. 
3401 Fifth Ave., Pittsburgh 13, Pa. 


Riverton Laboratories, Inc. 
852 Clinton Ave., Newark 8, N.J. 


Sky and Telescope 
Cambridge 38, Mass. 


Taconic Farms 
Germantown, N.Y. 


Texas Inbred Mice Co. 


305 Almeda-Genoa Rd., Houston 21, Tex. 


United States Testing Co., Inc. 
1415 Park Ave., Hoboken, N.J. 


Wilkens Instrument & Research Inc. 
Box 313-A, Walnut Creek, Calif. 


Wisconsin Alumni Research Foundation 
P.O. Box 2217, Madison 1, Wis. 








Protect YOUR FAMILY 





WITH THE LOW-COST 


"Bend 


Radiation Measurement Kit 


For Nuclear Fallout 


¢ POCKET SIZE « EASY TO USE 
only 


$ 2? > ict 


SHIPPED POST PAID 





THE ONLY UNIT 
RECOMMENDED BY 
U. S. 

CIVIL DEFENSE 








Please include check or money order. 





Special discount for company and group orders. 


For details write for Bulletin CDK- S$ 


817 W. Merrick Road, Valley Stream, N. Y. 








PT CO MIUIGM  crceessories ine, SBBSIARN OF inc, 
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Bird WFUSION PUMP 
Used for continuously and accurately metering 
small quantities of liquid which do not react with 
glass. Motor-driven, hydraulic adjustable metering 
pump; hydraulic operated driving plunger and 
delivery syringe. Rate of liquid delivery is easily 
adjusted, accurately read to a hundredth of a cc. 


per minute. Adjusts rate of flow from .01 cc. to 
2.5 cc. per minute. 


CAT. NO. 71-049 


PHUIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 
6th & Byrd Streets - Richmond, Va. 
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Nl LABORATORY INSTRUMENTS 























ELECTRONIC 

THERMOMETER 

e Rapid, Accurate, Direct 
Reading 

e Low Cost, Portable, 
Thermistor Type 

e Many Ranges from —35 
to +100° C 

e Interchangeable & Spe- 
cial Probes 


e Controllers &Recorders 
Available 


COMPACT MAGNETIC 

STIRRER 

e Stir at Any Angle 

e In Open or Closed Ves- 
sels 

e Under Vacuum or Pres- 
sure 


e With or without Hot- 


plate 























Ya 
d 
\ 
TEFLON TISSUE AUTOMATIC 
HOMOGENIZERS EGG-PUNCH 


e Interchangeable Teflon 
Pestles 

@ Precision Bore Pyrex 
Glass Tubes 

e Notched for Quick 
Change Chuck 

e Complete Apparatus 
Available 


e For Opening Embryo- 
nated Eggs 

e Open 60 Eggs Per Min- 
ute 

e Clean 1” Circular Frac- 
ture 

e One Hand Efficient Op- 
eration 


Write for individual bulletins 
or complete catalog to Dept. S-10, 


—_= ss a) eee SS 


opers of Ele 


144. 13 JAMAICA AVENUE. JAMAICA 35, N-Y. 








L 
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eons =) 


used with Beckman ModelDU»DB and 
ALL QUARTZ CONSTRUCTION aMqws emis: 
sion range effective to 1800A. ~LN 


TRIPLE THE INTENSITY of similarly ‘ey 
signed hydrogen lamps without need of 


coolants. 
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MICROMETER 
SYRINGES 
and BURETS 


MICROMETER SYRINGE 0.2 mi. 





e COMBINES HIGH PRECISION WITH ECONOMY OF COST 


e ALL CORROSION RESISTANT PLASTIC PARTS 


e PRECISION BORE GLASS, TEFLON* PLUNGER AND VITON* “O” RING 


These syringes and burets represent the ultimate in simplicity of design 
and ease of operation. Just consider the following features: 


1. Liquid comes in contact with only 
glass and teflon’. 

% dant se at ring gives a vacuum mi. div. 

3. All other plastic parts of polypro- 
pylene and H.D. polyethylene—in- 
strument may be autoclaved. 


4. Available in two sizes, 0.2 ml. in 
.0002 mi. div. and 2.0 mi. in .002 


5. Fills and delivers liquid with mi- 
crometer control. 
6. Simple to clean and assemble. 


plant. 


Biophys. 92, 





| dar Ph ge I ag a 
SIONS, complete as illustrated with 
Luer joint. $20.00 
$1100 A ge Hy — Cpe 
AS $-1100 BUT WITH BURET GLA’ 

TIP INSTEAD OF LUER JOINT. $18. 35 


SIONS. 








$1200 MICROMETER SYRINGE, 2.0 
ML. CAPACITY IN .002 ML. DIVI- 


$1200 A MICROMETER BURET, SAME 
AS S-1200 BUT WITH BURET GLASS 
TIP INSTEAD OF LUER JOINT. $19.50 


$20.75 








OGER 
ILMONT 


Laboratory Supply Dealer 


NSTRUMENTS, INC. 
1 GREAT NECK ROAD + GREAT NECK, NEW YORK 


See your Local 








427 Commercial Ave. 


How STABLE ISOTOPES 


can help in your research 





No. 2 of a Series 


T. C. Tso and R. N. Jeffery* of the U. S. 
Department of Agriculture supplied nico- 
tine doubly labelled with C“ and N” to 
Nicotiana rustica var brasilia by placing 
the roots in a nicotine solution. Much of 
the nicotine appears to have entered the 
plant as such, some remained unaltered 
and a larger proportion was metabolized. 
These results indicate that nicotine sup- 
plied as in this experiment takes an active 
part in the metabolism of a Nicotiana 


*T. C. Tso and R. N. Jeffery, Arch. Biochem. 
253 (1961) 


Send for free descriptive literature. 





Palisades Park, N. J. 














PERSONNEL 


PLACEMENT 

















CLASSIFIED: Positions Wanted 25¢ per 
word, minimum charge . Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. 


COPY for ads must reach SCIENCE 2 weeks 
before date issue (Friday of every week) 


DISPLAY: Positions Open. Rates listed be- 
low—no charge for Box Number. Rates 
net. No agency commission allowed for 
ads under 4 inches. No cash discount. 
Minimum ad: 1 inch. Ads over 1 inch 
will be billed to the nearest quarter 
inch. Frequency rate will apply to only 
repeat of same ad. No copy changes. 
Payment in advance is required except 
where satisfactory credit has been es- 
tablished. 

Single insertion $40.00 per inch 
4 times in 1 year 38.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week) 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 


Iii! POSITIONS WANTED iil 


Editor, formerly with Forest Service, seeks free- 
lance assignments by mail. Wendell Smith, Rock 
Harbor, Orleans, Mass. a 10/20 




















(a) Plant Pathologist, Ph.D., 
assignment teaching and _ researck; interested 
botany, microbiology, mycology, agricultural 
chemistry. (b) Biochemist, Ph.D., special work in 
electron microscopy, peg creas Ba ag nucleonics; 
interested research. Communicate Science Division, 


desires academic 


The Medical Bureau, Inc., Burneice Larson, 
ges mae 900 North Michigan Avenue, Chicago 
¥ ois. 
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Wii} POSITIONS OPEN iil 


iii} POSTTIONS OPEN [iil 





Supervisor Clinical Pathology. Excellent oppor- 
tunity for a male college graduate with a mini- 
mum of 5 years’ experience in a clinical labora- 
tory including at least 2 years in a supervisory 
capacity. Will supervise technicians performing 
procedures in hematology, urinalysis and_parisi- 
tology. Please write giving details, including sal- 
ary requirement, to Miss Anne V. Cronin, Per- 
sonnel Director, New England Medical Center, 
37 Bennet Street, Boston, Massachusetts. 









VIROLOGISTS 


and 


BIOCHEMISTS 
Ph.D., M.D. or D.V.M. 


. with experience in virology, microbiology, or 
related biological subjects. Virus and immunology 
research with substantial tissue culture experience. 


BIOCHEMIST 


B.S. or M.S. 


- with strong background in organic or bio- 
chemistry. Write stating qualifications and salary 


desired to 
PERSONNEL DEPT. 
WYETH 

Box $299 Philadelphia 1, Pa. 





(a) Analytical Chemist, well-known pharmaceutical 
firm, background organic chemistry essential; 
Midwest. (b) Biochemist, emphasis enzymology, 
energetics, intermediary metabolism; to $10,000; 
East. (c) Pharmacologists with CNS or cardio- 
vascular background; East. (d) Chemistry Pro- 
fessor, $7500 for 9 months; Midwest. (e) D.V.M., 
$10-$15,000, background experimental pathology: 
Midwest. (f) Research Physiologist, neurophysi- 
ology experience, to $8995; West. (g) Clinical 
Biochemist, 210-bed hospital, $8000-$12,000; 
Midwest. (h) Immunologist, well-known research 
center, $7000-$8000 up; Midwest. (i) Faculty Ap- 
pointments, physics, liberal arts college, noted 
health resort; West. Science Division, Medical 
Bureau, Inc., Burneice Larson, Chairman, 900 
North Michigan Avenue, Chicago 11, Illinois. 


PHARMACOLOGISTS 


Three Ph.D.’s required for 
group leader positions 


1. NEUROPHYSIOLOGY GROUP 


Concerned with neuropharmacological 
& electro-physiological research & 
service functions. 


2. GENERAL NEUROPHARMACOLOGY GROUP 
Supervise CNS drug screening and 
evaluative programs. 

3. AUTONOMIC PHARMACOLOGY GROUP 


Research & drug evaluation primarily 
in areas of allergy & hypertension. 








Send resume and Salary requirements 
To Personnel Department 


SCHERING CORP. 
60 Orange St. Bloomfield, N.J. 
EEL LS LAT SL 
1315 














Wii POsIT1ONS OPEN iii 











iit 


PROFESSIONAL SERVICES _ jj 








PHYSIOLOGIST 

Ph.D. to assume newly created, interesting 
and challenging position in the Research 
Division of America’s foremost manufacturer 
of medical products. 

Our company offers an unparalleled oppor- 
tunity to advance professionally in a con- 
genial, ultramodern atmosphere in suburban 
New Jersey. é 
Interested candidates may apply by sending 
a complete resume with salary requirements 


to: 
ETHICON, INC. 
A Joh & Joh Co. 
Route 22 Somerville, N.J. 
An Equal Opportunity Employer 














MICROBIOLOGIST 
Imaginative research requirement. Florida 
location. Familiarity with virology and 
Ph.D. degree or equivalent in experience 
desired. Salary commensurate with train- 
ing and experience. Please submit résumé 


to 
Box 203, SCIENCE 











PHARMACOLOGIST 


Ph.D. with special training in neuropharma- 
cology. Senior and responsible position. Ad- 
ministrative ability, for expanding research 
department of upstate New York pharma- 
ceutical company. 


Box 200, SCIENCE 


Ph.D. 
MICROBIOLOGIST 


Creative individual with 
strong interest and train- 
ing in immunology to in- 
vestigate basic problems 
in host defense mecha- 
nisms and to develop and 
evaluate new diagnostic 
reagents. Will lead small 
group. 

Send Resume to 

William J. Sumner 


WARNER-LAMBERT 
RESEARCH INSTITUTE 


Morris Plains New Jersey 


(III) -FEXLOWsELeS — [ill 


Postdoctoral Fellowship in Biochemistry, in- 
voiving blood proteins, available immedi- 
ately. -$6000 to begin, partially tax free, 
no tuition. For further information write 
to Assistant Director for Education, Office 
of Education, 
The University of Texas 
M.D. Anderson Hospital and Tumor 
Institute 
Texas Medical Center, Houston 25 


The Market Place 



































ill] BOOKS AND MAGAZINES iil 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
igen files you are Ne to sell at high mar- 
et prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 
Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 
Abrah Magazine Service N. Y. 3, N. Y. 
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[eonsurtation AND RESEARCH SINCE Te22] 








TEted amd. Toxicology » Pharmacology 

wy Nutrition + Biochemistry + Bacteriology 
. BERNARD |. OSER, Ph.D. Director 

eneonron areo Maurice Avenue at 58* Stree’ 

TWining 40800 Maspeth 78, New York City 





WISCONSIN 
ALUMNI 
RESEARCH Fa 
FOUNDATION: 


P.O 





EXPERIENCE COUNTS 





LABORATORY SERVICES 


Applied Research and Development, Test- 

ing and Consultation @ Food, Feed, Drug 
and Chemical Analyses, Animal Studies, 
Pesticide Screening, Pesticide and Addi- 
tive Residue Analyses 


schedule and ,specific work proposals, write 


WARE 


Box 221 fe: “Madison 5, Wisconsin 














YOU NEED THIS FREE 
CATALOG FOR YOUR FILES 


Serums, antiserums and bloods ae 
of all kinds for technicians and issue SY 
culture laboratories. No salesman will call. 


4950 York St.* MAin 3-5373 © Denver 16, Colo, 









he, 


COLORADO SERUM CO. 











GION 
and FATTY ACID STANDARDS 


GAS = 






upplies 








APPLIED SCIENCE LABORATORIES, INC. 





Dept. S, Box 140 
State College, Penna. 














A NEW WAY TO MEASURE 








|i] SUPPLIES AND EQUIPMENT jij 





SWISS MICE 





TACONIC 
FARMS 


GERMANTOWN NEW YORK 

















ANIMAL CAGES 


BUY DIRECT FROM MANUFACTURER 
SHIPMENT OF STANDARD ITEMS 
FROM STOCK 
HOELTGE BROS., Inc. 
1919 Gest St. Cincinnati 4, Ohio 
Write for Illustrated Catalog 
SERVICE SINCE 1856 








CLIMAX 


AUTOCLAVES 


RECTANGULAR & CYLINDRICAL 
ALL SIZES — ALL HEATS — 45 YEARS MFRS 


WRITE FOR LITERATURE 
THE HOSPITAL SUPPLY CO., 304 E. 23 St., N.Y. 10 











RESEARCH ANIMALS, INC. 

3401 Fifth Avenue Pittsburgh 13, Pa. 
Museum 1-4156 Cable: RESEARCH 
ALL Laboratory Animals Available 
Canine Blood for Heart-Lung Machine by 
Contract 











We invite you to take a new look at an old 
idea. There is so much interest in glamorous 
high-precision measuring instruments that there 
is danger of losing perspective. After all most 
ef the world’s measuring is still done with 
prosaic tools like tapes and meter sticks and 
machinist’s steel scales. For smaller measure- 
ments the linen tester has been around for a 
long time, but in she last ten years that idea 
has been revived and refined. When a magni- 
fier is combined with a transparent scale 
(reticle) in a clever way, it serves a surprising 
number of useful purposes accurately, con- 
veniently and inexpensively. It’s too long a 
story to tell here, but a post card to your 
favorite Laboratory Supply house or to us will 
bring you full information about FINESCALE 
MAGNIFYING COMPARATOR AND OVER 20 
DIFFERENT RETICLES. Prices begin at $15.50. 
FINESCALE CO. - 218 D, S. WESTERN AVE. 
LOS ANGELES 4, CA.'F. 





Overnight delivery ANYWHERE 
State Your Needs For Quotations 











SEROTONIN HYDROGEN OXALATE 


as the Hydrogen Oxalate Salt 





5-Hydroxytryptamine 





Available from stock. 


REGIS Chemical Company 


1219 N. Wells Street 


Chicago 10, Illinois 

















GRA LAB INTERVAL 


LAB 


ELECTRIC 


Giant 8” Dial 


TIMER Automatic 







to research” ® 


SS 

qyfalbino rats 
Sy CHARLES RIVER *CD 

(Caesarean derived) 
CHARLES RIVER SD 
(Sprague-Dawley descendants) 
CHARLES RIVER W 

(Wistar descendants) 


HYPOPHYSECTOMIZED RATS 


® Only Charles River CD animals used 


@Rigidly controlled environment 
(same bldg.) birth to surgery. 


@ High speed surgery by graduate biologists. 








signalling and switching over unusually wide 
range of 3600 possible settings. 
GRA LAB MICRO TIMER 1/10 sec. or 1/1000 


min. 


stop clock. Remote start stop control. 


Write for catalogs. 


DIMCO-GRAY 


214 E. SIXTH ST., 


COMPANY 
DAYTON 2, OHIO 








@10 years experience animal surgery. 
@ Overnight air service from Boston 
* Trade Mark Reg. U. S. Patent Office 


THE CHARLES RIVER BREEDING LABS 


1018 Beacon St., Brookline 46, Mass. RE. 4-2000 


Henry L. Foster, D.V.M., President 
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SENSITIVITY 


IN CHROMATOGRAM SCANNING.... 


Vanguard 4 pi AUTOSCANNER reduces 
background to less than 10 cpm., 
revolutionizes counting of H3, C14, and $35 


Vanguard’s new, completely transistorized 
Model 880 Low Background AUTOSCANNER 

revolutionizes chromatogram scanning of 
low-energy, beta-emitting radioisotopes. Spe- 
= cially designed to meet the exacting require- 
ments of medical, agricultural and pharma- 
ceutical research, the AUTOSCANNER utilizes 
the most advanced electronic and mechanical 
design, integrated into a compact, one-piece 
console. With the Model 880, analyses can 
be performed with the highest possible degree 
of sensitivity—even when counting tritium, 
carbon-14 and sulphur-35. 


=. % NEW STANDARD ACCESSORY, TOO! Also avail- 
able is the new, exclusive Vanguard Model 
880ADS, a completely automatic system for 
quantitative integration and digital presenta- 

tion of radioactive zones. For complete de- 
= 














tails concerning either the Model 880 or 
Model 880ADS, please write or call. 


— 


| 
| | 
Het 


| 
} 
ae Oe 








REQUEST THIS BROCHURE-— 
See how you can achieve the 
highest detection efficiency 
available for chromatogram 
scanning. Booklet outlines dis- 
tinctive features and lists all 
operational characteristics of 
the Model 880 AUTOSCANNER. 


Features 4 pi scanning—counts radiation on 

both sides of strip simultaneously 

Reduces background to less than 10 cpm. 

Completely transistorized for longer, more re- 

liable performance 

Handles chromatograms 1% to 4 cm. wide in 

lengths to 100 ft. 

Gas and power shut off automatically at end 

of scanning period 

10 scanning speeds, 5 rate meter time con- 

stants, 7 count rate ranges, 3 individual slit 

width collimations 

@ Automatically marks solvent fronts, leading 
and trailing edges of strips 

@ Windowless gas-flow, geiger detection 





{ 
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vAWNGUiIAR D 


MODEL €O LOW BACHUROUND aurogcammah 








, aaa, @ Accuracy of better than 2% of count rate on 
| all ranges 
. VANGUARD @ Compact, completely integrated, one piece unit 
INSTRUMENT COMPANY 
34 Designers and Manufacturers of Precision Nuclear Instrumentation for Research @ P.O. Box 244 @ LaGrange, Illinois e Fleetwood 4-5656 


Regional Office: 115 New Montgomery Street © San Francisco, California @ EXbrook 2-0511 








Im your case, or in ours 


The new 1508 Visicorder should be your next oscillograph 


The Model 1508 Honeywell Visicorder has been 
specifically designed to quickly and easily slide 
into your data reduction system. There it will 
serve as a direct information read-out device, re- 
cording DC to 5000 cps on from one to 24 channels; 
or it may serve as a monitor on other components 
in your system; or it may do both jobs, simultan- 
eously if you wish. 

You have no “data reduction system,”’ as such? 
Then consider the trim, convenient 1508 as a 
bench instrument. Its push-button controls, se- 
lection of 12 chart speeds (metric, if desired), 8” 


paper width, and direct writing speeds exceeding 
50,000 in./sec. will help to make it one of your 
most useful tools. Its rigid, cast base assures con- 
stant alignment of optical components regardless 
of external stress on the instrument. 

In your case . . . the 1508 needs only 7” of 
rack height. In ours. . . it arrives ready to go to 
work as a convenient, portable instrument. In any 
case, be sure to see the new 1508 Visicorder before 
you order your next oscillograph. Write for Cata- 
log HC-1508 to Minneapolis-Honeywell, Heiland 
Division, 5200 East Evans, Denver 22, Colorado. 


Honeywell 
Fiat ine Coutiol 

















